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Abstract (Continued) 

and covering of the ponds with soil; and operation of a ground water recovery system. 
EPA investigations have identified the Inactive Site Ponds and the Chemical Storage 
areas, both located to the north of the main facility, as the two major sources of 
onsite soil and ground water contamination. This Record of Decision (ROD) addresses 
remediation of onsite contaminated soil, waste/debris, and ground water. The primary 
contaminants of concern affecting the soil, debris, and ground water are VOCs including 
TCE; toluene, and xylenes; other organics including PCBs, pesticides, and phenols; and 
metals including chromium and lead. 

The selected remedial action for this site has been divided into three separate areas: 
the Inactive Site Ponds Area, the Chemical Storage Area, and the ground water in the 
south central portion of the site. Remediation of the Inactive Site Ponds Area includes 
dewatering 1.3 million gallons of water from perched water zones; excavating and 
incinerating offsite 2,100 cubic yards of organic waste/soil material from in and around 
the ponds; thermally treating onsite 24,000 cubic yards of organic-contaminated soil; 
solidifying and stabilizing remaining soil contaminated with inorganics; backfilling 
excavated areas with the treated soil, and covering the ponds area with a 
RCRA-multilayer cap. Remediation of the Chemical Storage Area includes treating 
VOC-contaminated soil using in-situ soil vapor extraction, incinerating, and disposing 
of offsite any residual organic-laden sludge from the thermal extraction treatment 
system at the ponds area along with any spent carbon from the in-situ soil vapor 
extraction process. Contaminated ground water remediation includes onsite pumping and 
treatment using air stripping, carbon adsorption, ion exchange, UV photolysis/oxidation, 
chemical reduction, and precipitation, followed by onsite discharge to surface water; 
and ground water monitoring. The present worth cost for this remedial action is 
$58,240,000, which includes an annual O&M cost of $1,231,500 for 30 years. 

PERFORMANCE STANDARDS OR GOALS: Both onsite and offsite ground water will be treated to 
meet SDWA MCLs or MCLGs. Chemical-specific ground water cleanup standards include 
benzene 5 ug/1 (MCL), arsenic 50 ug/1 (MCL), chromium 50 ug/1 (MCL), lead 5 ug/1 (MCL), 
and TCE 5 ug/1 (MCLJ. Chemical-specific soil cleanup levels are based on soil action 
levels and TCLP treatment standards including toluene 28 mg/kg (TCLP), PCB 1.0 mg/kg 
(TCLP), and TCE 0.09 mg/kg (TCLP). 
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UNTED STATES. ENVIRONMENTAL PROTECTION AGENCY 

REGION VI 

999 18th STREET - SUTE 500 

DENVER, COLORADO 80202-2405 

Ref: SHWM-SR SEP Z 4 1900 

MEMORANDUM 

TO: 

FROM: 

James J. Scherer 
Regional Administrator 

Robert L. Duprey, Direct~~~ 
Hazardous Waste Management Divisi~~ 

SUBJECT: Recommendation to Approve the Record of Decision for 
the Martin Marietta Astronautics Group (MMAG) Site 

I am recommending that you sign the attached Record of 
Decision (ROD) for the MMAG Site. 

The selected remedy calls for the Inactive Site Ponds soils 
to be treated using the following steps: de-watering; 
excavation; off-site treatment and disposal of waste; thermal 
extraction of backfill and alluvium; above ground stabilization 
of backfill and alluvium, and cap. For the Chemical Storage 
Tanks in the M3 Manufacturing Area, the selected remedy calls for 
the soil to be treated using vapor extraction. For the ground 
water, site-wide, .the selected remedy calls for interception and 
treatment using five recovery well systems across the Site. The 
ground water will be treated on-site to remove organic and 
inorganic contaminants. 

The remedy will be protective of human health and the 
environment because it will address the principal threat, the 
Inactive Site area, which is a major source of ground water 
contamination. The remedy will restore ground water to a quality 
that will allow for its beneficial use as a drinking water 
supply. 

The remedy will accomplish this level of protection by 
meeting the following remediation goals: 

1. Waste (approximately 2,100 cubic yards) in the Inactive 
Site Ponds will be transported to an off-site facility 
for treatment and disposal as Resource Conservation and 
Recovery Act (RCRA) hazardous waste. 



2. Cont~mjn~t~~ ~~11 (apnrnxim~t~ly 24,400 r.uhic yard~) 
will be treated by removing organic contaminants and 
stabilizing inorganics to prevent future impacts to 
ground water quality and minimize the potential for 
contact with contaminants in the soil. 

3. Ground water will be treated to meet drinking water 
standards both on and off Site. (Restoration may take 
as long as 45 years before alluvial ground water meets 
drinking water standards on Site.) 

Two sets of comments were received on the preferred 
alternative. The National Toxics Campaign recommended emission 
controls for the on-site air stripper and was interested in 
overseeing the work as a third party. MMAG requested flexibility 
in implementing any decision made and expressed the concern that 
the Environmental Protection Agency was being overly restrictive 
on cleanup levels by projecting residential use in the future. 
MMAG recommended another alternative be left in the ROD to 
supplement the selected remedy. These comments have been 
addressed in the responsiveness summary and in the ROD itself. 

The State has concurred with the remedy and has been 
requested to jointly 5ign the ROD because the Colorado Department 
of Health will be overseeing the remedy implementation under RCRA 
Corrective Action authority. 

Attachment 
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Martin Marietta Astronautics Group Site 

Declaration for the Record or Decision 

SITE NAME AND LOCATION 

Martin Marietta Astronautics Group 
W aterton, Colorado 

STATEMENT OF BASIS ANI) PURPOSE 

September "19, 1990 

This decision document presents the selected remedial action for the Manin Marietta Astronautics 

Group (MMAG) site in Waterton, Colorado. The remedy includes remediation of contaminated soil 

in and around the Inactive Site Ponds and the Chemical Storage Tank: area to the north of the main 

manufacturing building. Additionally, the remedy includes remediatioa of contaminated ground 

water in the south central portion of the Site (mcluding the M3 area, branches of Brush Creek, Dry 

Gulch, and Filter Gulch). This remedy was developed in accordance with the Comprehensive 

Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), as amended by the 

Superfund Amendments and Reauthorization Act (SARA), and the National Oil and Hazardous 

Substances Pollution Contingency Plan (NCP). The decision is based upon the Administrative 

Record for this site. 

The State of Colorado concurs with the selected remedy. 

ASSESSMENT OF DiE SITE 

The actual or- threatened releases of hazardous substances and hazardous constituents from the site, if 

not addressed by implementing the response action selected in this record of decision (ROD), may 

present an imminent and substantial eudangennent to public health, welfare, or the environment. 

DESCRJP110N OF THE SELECTED REMEDY 

The selected remedy for the Martin Marietta Astronautics Group site addresses the IDactive Site 

Ponds, the Chemical Storage Tank area and ground water in the south central portion of the Site. 

The objective of the remedy is to mitipte continued release of hazardous substances to the ground 

water and to prevent funber degradation of the aquifer both oa-site IDd off-site. The remedy will 

also prevent contaminant loading in the South Platte River which supports both domestic and 

recreational uses. Additionally by removing the majority of the contamination from the Inactive Site 

RE:Oil~\maniD\mloftlll.kX 



September 19, 1990 

PoDds, the remedy wiU minjmi:re the poteDdal for future hUIDIIl aposure to cogtamjnams on or off

site. The major components of the remedy iDc:lude: 

Inactjye S jte Ponds 

Dewatering the perched zones and coowninated alluvium and treating the water on-site 
(approximately 1 million pllons). 

Excavatin& waste aDd contaminated soil in IDd around the ponds for treatment. 
Approximatelf2,100 cubic yards of waste wiU be treated aDd disposed of off-site in 
accordance w1th the LaDd Disposal Restrictions (LDRs). 

Treating contaminated son (approximately 24,-400 cubic yards) on-site using thermal 
atraction for organic cheQlieals and solidification/stabilization for inorganic chemicals. Soil 
which is contaminated with RCRA listed hazardous wastes will be treated to meet either the 
LDR treatment SWidards or the soil and debris treatabllity variance standards. 

Bactfilling treated son into the area of contamination mel coveting with a multi-layered cap. 

Chemical Storage Tank Area 

Using soil vapor extraction in-situ lrOUDd the Chemical Storage TaDts to remove and capture 
halogenated orglllic chemicals. 

Ground Water 

Installing additional extraction systems on-site in Dry Gulch, Filter Gulch, the Chemical Mill 
Sumps, Hydrostatic Test Tank area, and possibly in the East Branch of Brush Creek (north 
of the Inactive Site). 

TreatinJ the recovered grouDd water for volatile organic compounds (VOCs) and inorganic 
coutannnants including heavy metals. Additionally, a process for treating N
nitrosodimethylamiDe (NDMA) will be iDStalled. 

Treating the water to meet parameters established in the Colorado Pollutaut Discharge 
Elimination System (COPDES) permit for the MMAG facility. Clean-up targets for the 
grouDd water are based on federal mel swe driJJkin& water ltaDdards. 

Implementation of this remedy is apected to take 4 to S years for the Inactive Site PoDds. 

Approximately 45 years may be Deeded to remove contaminants in the grouDd water in order to meet 

the remediation Joals. 

JlE:012-(:0IOO'l'oalltWI\ml·rod.UIC 
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September 19, 1990 

Swutozy Dctermiparions 

The selected remedy is protective of human health aDd the environment, complies with Federal and 

State requiremems leaally applicable or relevant aDd appropriate to the remedial action,· aDd is cost

effective. The remedy uses permanent solutions aDd alternative treatment tedmologies to the 

maximum extent practicable and satisfies the statutory preference for remedies that employ treatments 

that reduce toxicity, mobility or volume as a principal element. Because this remedy, will result in 

hazardous substances remaining on-site above levels that allow for unlimited use and unrestricted 

exposure, a review will be conducted no less often than every five years after remediation is initiated 

to ensure the remedy continues to provide protection of human health and the environment. 

~sJA~ q. -''f '''" 
IOnaJ Administrator 

EPA Re1ion vm 

~t/+ Thomas P. Looby 
Assistant Director 
Office of Health aDd Environmental Protection 
Colorado Department of Health 

U:Oll..coiOOl\maniD\ml-rod.IOC 
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Martin Marietta Astronautics Group Site 

Decision Summary or tbe Record or Decision 

1.0 SITE NAME, LOCATION, AND DESCRIPTION 

September 19, 1990 

This record of decision (ROD) .describes the remedial cleanup of the Martin Marietta 

Astronautics Group (MMAG) site. 

The site is located in Jefferson County near the mouth of Watetton Canyon approximately 25 

miles southwest of Denver (see Figure 1-l). The site occupies approximately 5,200 acres, and 
completely surrounds 464 acres of U.S. Air Force property (PJKS). The site is the location of 
MMAG high teclmology engineering, design, development, and manufacturing operations primarily 
for the space industry. MMAG bas produced the Titan 3407 space launch vehicle, the MX 

emplacer, and various space shuttle subsystems at the site. 

1.1 PHYSIOGRAPHY AND MAJOR SITE FEATURES 

The west side of the site is located in the foothills of the Rocky Mountains with elevations 
ranging from 5,800 to 8,000 feet above mean sea level. The east side of the site is divided by the 
Dakota Hogback iDto a central valley between the hogback and the foothills and the plains east of the 

hogback. The elevation of the eastern areas ranges from 5,500 to 6,000 feet above mean sea level. 
The site has been subdivided iDto four major study areas. The first area contains plains stretching 
from the eastern boUndary of the site to the Dakota HoJback. The second and third areas lie 

between the Dakota Hogback and the foothills. The North Centnl Valley area is north of the Lariat 

Gulch/Brush Creek divide, while the South Central Valley area is south of the divide. The 
Precambrian Bedrock area spreads from the western edge of the c:eatral valley to the western 
boundary of the site. 

A majority of the devdopmeut on the site is confined to the South Central Valley. The site 
is furtber subdivided iDto nine separate aras (Fipe 1-2). These aras include: 

Kassler Area 

Filter Gulch Area 

Lower Brush Creek Area 

M3 Area 

Space Suppon Building (SSB) Area 
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Geaeral Purpose Llboraory (GPL) Area 

OlemicaJ TeclmoJonr Laboratory (C11.) Area 

lDactive Site Area 

Rifle Ran&e Landfill Area 

September 19, 1990 

Most of the buildings constructed at the MMAG site are located in the M3 area and SSB 

area. Other isolated laboratory facilities are located throughout the South Central Valley. Wastes 

have been managed in a few areas at the site including the Industrial Wastewater Treatment Plant 

(IWTP) located in the M3 area, five disposal ponds located in the lDactive Site area, and the Rifle 

Range Landfall located in the Rifle Range Landfill area and the Evaporation Pond in the M3 area 

which is a Resource Conservation and Recovery Act (RCRA) unit. 

There are five major drainages of concern at the site. Lariat Gulch drains the Nonh Central 

Valley area. The East and West Branches of Brush Creek drain the DOrth and east sides of the South 

Central Valley area, while Filter Gulch drains the southwest corner. Dry Gulch drains a small area 

between the East and West Branches of Brush Creek. 

Ground-water recovery systems have been constructed on the lower reaches of both the West 

Branch of Brush Creek and Filter Gulch. The recovery systems are designed to capture 

contaminated ground water moving through the stream bed alluvium. The contaminated ground 

water is piped to a treatment system and eventually discharged to Brush Creek below the recovery 
system. 

l.l SURROUNDING LAND USE 

The most important surrounding land use is the Denver Water Department (DWD) Kassler 

Water Treatment Plant (Kassler) which borders the south side of the MMAG site. Currently, Kassler 
is DOt operating. Formerly, Kassler plant collected surface Water from the South Platte River and 

ground water from the South Platte alluvium. The surface water was obtained from an intake 

structure located approximately two miles upstteam of the MMAG facility. The surface water was 

piped to the Platte Canyon Reservoir for dle &eUJiq of particulates prior to filtration in the concrete

lined filter beds located adjacent to the river. Following filttation, the water was chlorinated and 

then transferred to an UDderground storage tank. s~ water was occ:asionally diverted to the 

Platte Canyon Reservoir via the Highline Canal and Last.Chance Ditch. 
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Ground water was collected usin& a aeries of iDfiltntioD plleriea CODStructed in the saturated 
alluvium aloJII the South Plme River. GrouDd water was withdrawn from the infiltration galleries 
after collecdni It the S-sided well. The water was cblorinated and then blended widl surface water 
in the UDderJround S10rage tank. The S-sided well was shut down in December 1984 following the 

detection of low levels of TCE iD the Soutb Platte alluvium. Last Chance Ditc:b may also have been 

impacted by contaminated water coming from seeps in the Filter Gulch area. In December 1985, all 

water treaanent operations were discoDtillued at the Kassler plant. The plant is maintained so that it 

may be broupt bact on-line in the future. 

The Chatfield Reservoir State Recreation area is located northeast of the MMAG site. 

Chatfield Reservoir is exteusively used for boating, hiking, and many other recreational activities. 

The area outside the recreational area is zoned A-1 and A-2, meaning that development plots must be 

at least 10 acres. There are scattered residences throughout this area. 

Two miles DOrtb/aortheast of the site is the planned development, Chatfield Green Activity 

Center. It will cover 346 acres and contain office, research, and industrial facilities as well as 600 
dwelling units. Two miles northwest of the site is the Red Mesa Quarry. The area has been zoned 
for industrial use only. To the west. the land is zor:~ A-1 restricting development plots to greater 

thaD 35 acres. Only scattered residences exJSt in thiS area. 

An inventory of JrOUDd water wells in the area surrounding the site shows that there are 
currently DO wells with a domestic-use permit. Previously, five domestic-use wells were permitted in 

the immediate vicinity. Four wells permitted to the DWD in 1954 and 1956 were abandoned in 

1971. A fifth well permitted in 1956 DO longer exists. 

Water in the South Platte River is used as a source for drinking water by the city of 

Englewood. The water imake is 3 miles south of Clatfield Reservoir. 

1.3 METEOROLOGY 

The weather at the site is typical for the east flank of the froat range of the Colondo Rocky 

MoumaiDs. It is temperate with avenge hiJh ~ of 70 degrees r> Fahreaheit (F) in July 
and 2~ in January. It is semi-arid with a average of 17.75 inches of niDfall per year. 
Atmospheric pressure is ~pproxillwely 83 pen:eat of that at sea level because of the elevation. 
Humidity averages SO perceat IDd the mean average evaporation is between SO inches and 60. inches 

per year. Eipty percent of the precipitation falls between AprU 1 and September 30. Snow is 
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possible y• rouDd, but the heaviest 1110w falls are in March. Prevahina winds are from the south 
IDd southwest It 9 mlles per hour, with the IU'ODiest winds in March IDd April. 

1.4 GEOLOGY 

lbe oldest rock type oceurring at the MMAG site is Precambrian age granite and 

metamorphic rocks. lbese rocks make up tbe mountainous terrain on tbe west side of the site. The 

Pennsylvanian age Fountain Formation nonconformably overlies the igneous and metamorphic rocks. 

lbe·Fountain Formation is 2,200 feet thick and outcrops or subcrops below most of the Inactive Site 
area, M3 area, GPL area, and Filter Gulch area. The Fountain Formation and the overlying 

sediments units have been tectonically uplifted and now strike to the northwest and dip to the 

northeast. 

lbe Fountain Formation consists primarily of laterally discontinuous layers of poorly soned 
conglomeratic sandstone, sandstone, and sandy and silty claystone. 

The Permian age Lyons Sandstone conformably overlies the Fountain Formation. lbe Lyons 

Sandstone is approximately 235 feet thick and consists primarily of fine-«H:oarse-grained quartz 
sandstone. It is moderately resistant and forms a small hogback duough tbe South Central Valley 
area. 

The Permian to Triassic age Lykins Formation conformably overlies the Lyons Sandstone. 
The Lykins Formation includes three members: Beraen!Harriman Shale, Glennon Limestone, and 

Strain Shale. The basal 112 feet tbick Ber1en!Harriman Shale consists primarily of reddish-brown 
silty shale. lbe 15-foot thick GlenDOn Limestone is a pink and gray, thinly )aminated limestone with 
locally well developed secondary porosity. lbe ~foot tbick Strain Shale consists primarily of 
yellow-brown shale. 

lbe Jurassic age Ralston Creek Formation disconformably overlies the Lykins Formation. 

lbe Ralston Creek Formation is 50 feet dlick and consists of interbedded, fine-crained sandstone, 
limestone, and shale. The Ralston Creek Formation is overlain by tbe Jurassic age Morrison 
Formation. The Morrison Formation is approximately 360 feet thick and consists primarily of 
multicolored shale with thin, interbedded sandstones and limestones. The Lykins, Ralston Creek, 
and Morrison Formations are all non-resistant valley forming formations. 

lbe Cretaceous age Dakota Group unconformably overlies the Morrison Formation. lbe 

320-foot thick Dakota Group includes the South Platte llld Lytle Formations. Both formations 
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coaailt primarily of !DIIIiYe, croabedded saudstcme widl coaalomeratic: ZODel imerbedded wi1:b lesser 
aaDOUDU of sbale, aDtstoDe, ad claystoDe. 1be Dakota Group is very resistmt ad forms lbe 
prominent hogback which separates the Centtal Valley area from lbe area east of lbe Dakota 

Hogback. 

The Dakota Group is overlain by the Cretaceous age Graneros Shale, Greenbom Limestone, 

Carlisle Shale, Niobrara Formation, aDd Pierre Shale. These formatioas coasist primarily of shale 
with IbiD limestone beds aDd cumulatively are more than ~ feet thick. They are DOn-resistant 

llld form the plaiDS eneodin& east of the Dakota Hogback. 

The youngest geologic materials ll the site include uncousolidated soil aDd alluvium. 1be 
soils are loams containing differing amounts of clay, sand, IDd gravel. They tend to be well drained 

and have moderate to low permeability. 1be alluvium is thickest in lbe sueam drainage and is only 
a thin veneer or is completely absent over lbe topographic hip. In the Central Valley area, the 
alluvium reaches a maximum thickness of 35 feet and coasists primarily of silts or clayey sand with 
loc:al accumulations of clay, silt, JraVel aDd boulders In the Kassler area, the alluvium may reach a 
thickness of SO feet llld is dominated by JraVel aDd boulders. 

1.5 HYDROLOGY 

There are two major componems to the MMAG site hydrologic system: alluvial ground 
water llld bedrock JfOUDd water. 1be intercmmection betweea the two systems bas DOt been 

completely defined. The alluvial pouDd water occurs in amow bands of alluvium along the major 

stream drainage of Filter Gulch, the East IDd West Branches of Brush Creek, Dry Gulch, and the 

South Platte River. 1be aJiuvium is generally thin throughout the MMAG site but reaches a 
thickness of approximately SO feet along the South Platte River. 

1be alluvial aquifer is recharged by rainfall, surface water, and cfuclwJe from the h-.drock 

aquifer. 1be alluvial JrOUDd water teDds to flow cloWillfldieat, parallel to the stream drair ~. 

r:ventuaiJy dischqing to the South Platte River alluvium. 1be alluvial puuDd water may also 

discbar&e to seeps, directly to surface water, or to the UDderlyiJII bedrock. The hydraulic 
conductivity of the alluvial aquifer Vlries from 0.032 feet per day to 212 feet per day throughout tbe 
MMAG site. 

Ground water also occurs in the bedrock formatioas underlyin& the MMAG site. Bedrock 
JfOund water flow is best characterized in the Fountain Formation underlying the Central Valley 

area. Water table, semi-confined, and confined conditioas exist iD different areas and ll different 
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depths iD lbe FOUDt.aiD Formation. Recharge may be from direct iDfilttation of precipitation or from 

discbarJe from lbe alluvial aquifer. Ground water flow paths are variable due to litbolo&ic 

inhomogeneities but, in general, flow is greateSt parallel to strike and down dip. Overall, the ground 

water flow gradient in the Fountain Formation is southeast toward the South Platte River. On 
average, the hydraulic conductivity is an order of magnitude less than in the alluvial aquifer. 

Bedrock ground water flow is not as well understood as in other bedrock formations; 

however, some c:haracterization has been completed. Characterization of the hydrologic properties of 

the Precambrian age igneous and metamorphic rocks iDdicate lbat ground water flow is dominated by 

fracture flow and is under artesian conditions in most areas. In addition, the development of 

secondary porosity bas been observed in the Glennon Limestone and Morrison Formation which 

results in ground water flow rates similar to the rates observed in the alluvial aquifer. Finally, the 

thick, Cretaceous age, shale dominated formations east of the Dakota Hogback are believed to form a 

hydrologic confining layer preventing ground water migration to the imponant aquifer formations in 

the Denver Basin. 

The surface flow in the major drainage bas been measured using a flume at regular intervals 

along all the creeks. The branches of Brush Creek have a combined flow rate ranging from 0 

gallons per minute (gpm) to 80 gpm in the upper reaches. In the lower reaches, Brush Creek's 

flowrate pins considerably due to effluent discharge from the MMAG wastewater treatment plant. 

At its mouth in the Kassler area, it has a flow rate of 300 gpm to 1,000 gpm. Both Filter Gulch and 

Lariat Gulch have flow rates ranging from ~ gpm to 20 gpm. The South Platte River has flow rates 

ranging from 0.1 cubic feet per secoDd (cfs) to 5,700 cfs. The DWD is required to maintain a flow 

rate of 30 cfs. The infiltration galleries at Kassler allow surface water to be divened into the South 

Platte alluvium near the S-sided well. 

2.0 SITE IUSJ'ORY 

MMAG purchased the site in the mid-19SOs and subsequendy built the manufacturing 

facilities in what is known as the M3 area. In the mid-19605, the space park facilities were built in 

the Space Support Building (SSB) area. Isolated laboratories have been built at the site periodically 

since the 1960s. 

2.1 WASTE GENERATION AND DISPOSAL 

The main waste types generated by on-site activities are various oils, fluoride, aluminum, 

chromium, titanium, nitrate, cyanide, organic solvents, acid etcbiDg sludges, chemical treatment 
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lludps, IDd propellants. From 1959 to September 1980, all the waste that could DOt be treated on

me was disposed of in the five laactive Site PoDds. 1Wo of the ponds were used on a re,ular basis, 
while tbe otber tbree were used sporadically. The ponds cover approximately 4.1 acres. Ponds 1 

and 4 may bave bad clay liners at one time. However, site iDvestigations indicate tbat no pond is 

completely lined with clay. 

The one on-site l&Ddfill, Rifle Raqe Landfill, was active from 1957 to 1969. From 1957 to 

the early 1960s, it was used as a source for sand and gravel. From the early 1960s to 1968, it was 

used for tbe disposal of refuse, construction debris, and other solid wastes feDerated on-site. In 

1969, it was backfilled and regraded. It covers approximately 11 acres, is 1,200 feet long and 

between 100 feet and sao feet wide. 

MMAG built a wastewater treatment plant in the M3 area during initial development. The 

wastewater treatment plant was designed to biDdle the septic aDd indus~ial waste generated on-site. 
The current treatment process includes chemical treatment. precipitation, filtration, and sludge 

separation. Industrial waste is stored in tanks and sumps before transportation to the wastewater 

treatment plant. Ground water from the extraction well systemS is also piped to the treatment plant 
and stored in a tank prior to treatment. All tbe wastewater is atored in a tank after treatment during 

chemical amlysis to determine compliance witb staDdards of the discharge permit. The effluent is 

finally discharged to Brush Creek UDder permit number COPDES IC~1511. 

The current container storage area bas been in operation since RCRA requirements went in 
effect in 1981. All waste that c:aDDOt be treated on-site is containerized and shipped to the container 

storage facility. MMAG is presently seeking a RCRA operating permit. 

2.2 ENFORCEMENT HISI'ORY 

On November 17, 1980, pursuant to section 3005 of RCRA. MMAG filed a RCRA Part A 
application for tbe tratmeat, atoraae, and disposal of hazardous waste at tbe facility. Revised Part 

A applications were submitted in 1985, and a Part B was submitted in November 1985. In Aupst 

1990, MMAG submiued a revised Pan B application wbicb is under review It tbe Colorado 

Department of Health (CDR). 

On February 27 and Marcb 14, 1985, CDH and EPA. respectively, issued Administrative 

Orders requiring M1 • AG to address contaminant releases that were detected in the Kassler area 

soutbwt of tbe Mlt .. ,G property. lbe MMAG site wasp~ 'for listing on the National 

Priorities List (NPL) on SeptemberS, 1985 bued upon tbe findu.~ of a site inspection and evaluation 
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of the site risks usin& the hazard nnkiq system. On February 7, 1986, EPA IDd MMAG siJDed 
the Administrative Order on Coasem pursuaDt to section 106(a} of CERCLA IDd section 3008(b) of 

RCRA. Under this a,reement, MMAG conducted a remedial investiption IDd feasibility study 

(RIIFS) in accordance with provisiODS of the NCP. The remedy is bein& selected under the NCP and 

CERCLA. However, EPA anticipates this remedy will be implemented under the RCRA authority. 

Hazardous waste management units at the MMAG facility are under&oing closure in 

compliance with an Administrative Order with CDH. CDH was authorized to implement the RCRA 

program in 1984 and is responsible for regulating the MMAG facility. 

The Hazardous and Solid Waste Amendments (HSWA} of 1984 expanded the scope of the 

RCRA pro:ram to include provisions that allow EPA to require corrective action when there is a 
release of hazardous waste or constituents from any solid waste management unit at an interim status 

or permitted facility. CDH now has the authority to require corrective action at facilities operating 

under interim status or a permit, includin& the MMAG Facility. It is SPA policy to defer placing 

sites on the NPL that can be addressed by RCRA corrective action authorities. Since the MMAG 

facility satisfies this policy, EPA has dropped the MMAG site from the proposed NPL. Because the 

remedy selected in this ROD is consistent with both CERCLA and RCRA, the remedy will be 

implemented using the corrective action authority under RCRA. 

MMAG operates a wastewater treatment plant for which CDH has issued a COPDES permit. 

Additionally, the facility has an air emissions permit from CDH. 

2~ P~OUS~~ 

In 1961, MMAG began samplin& selected monitorin& wells for inorganic contamination. In 

1981 in compliance with RCRA regulations, ground water monitoring of all RCRA and non-RCRA 

facilities began. In February 1986, large scale site investigations beJan. A complete· listing of all 
the reports generated can be found in Tables 2, 3, IDd 4 of the RI repon (Geraghty & Miller, 

1990a). A brief description of the activities IDd results of each repon can be found on pages 6 

through 19 of the final RI repon. The RI was finalized in March 1990 and the FS was finalized in 

June 1990. 
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2.4 REMEDIAL ACTIVlTIES 

Besides cbe cleanup of some small spDls IDd RCRA UDit closures, cbere have been four 

remediation efforts undertaken at cbe site. The first was the backfilling and rerrading of the Rifle 

Range Landfill in 1969. This effon did DOt address any of cbe comminant sources or the migration 

of contaminants. The second remediation effon occurred when the contents of Pond 2 were 

bulldozed into Pond 1 aDd all the ponds were covered with soil fill in 1980. This effon did little to 

contain cootaminant sources or to prevent contaminant migration. The third effon became necessary 

when contamination in the JTOUIId water was detected off-site. In September 1985, MMAG began 

operation of a JTOUIId water recovery system across Filter Gulch. Between 6,500 gallons and 10,000 

gallons of contaminated pound water are recovered each day aDd sent to the wastewater treatment 

plant. In April 1987, MMAG began operation of the West Branch of Brush Creek recovery well 

system. The 3 24-inch recovery wells in a Jf'IVel backfilled trench recover between 18,000 gallons 

and 28,000 gallons of contaminated water per day. The water is piped to the MMAG Industrial 

Wastewater Treatment Plant (JWTP) for treatment. 

2.5 U.S. AIR FORCE (PJKS) PROPERTY 

The U.S. Air Force owns approximately 464 acres within the MMAG property. It is an 

NPL site, and it is being addressed separately from the MMAG site. 

Ponions of an RifFS have been cond:ucted by the Air Force, and an Interagency Agreement 
is being negotiated with EPA, CDH IDd the Air Force to complete work at the site. 

Contamination from the Air Force property has migrated onto MMAG property. There are 

two locations, upper reaches of Brush Creek and Lariat Gulch, where comaminants emanate from 

Air Force property. EPA anticipates that source controls will be addressed by the Air Force, but 

ground water may be addressed by both MMAG and the Air Force. 

3.0 COMMUNITY PARTICIPATION 

Community relations activities for cbe MMAG site began in February 1986 when EPA 
interviewed local officials, area residents, various 1f0UP representatives, CDH persoDDel, and other 

EPA personnel. The individuals represented a cross-section of diverse iDterests, including state and 

local government, environmental groups, peace aDd anti-nuclear groups, homeowner groups, and area 

business aDd civic groups. 

11 
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1be iDterviews were based on questions recoiiUDellded for on-site discussion as outlined in 
the •Jmerim CoJDDIIIDity .Relatioas in Superfuad Handbook, • dated 1983. The imerviews were 

coDducted informally and interviewees were enc:ouraaed to expand on comments accordin& to their 
interests. EPA also maintained regular contact with interested JfOups and iDdividuals, con,ressional 

offices, the governor's office of Colorado, and the mayor's office of Denver. 

On March 24, 1986, EPA held a public meeting at Columbine High School to explain the 

Superfund process and the Administrative Consent Order issued by EPA in February 1986 to Manin 

Marietta. 

On March 24, 1986, EPA also produced an initial fact sheet. This fact sheet provided 

background information on the MMAG site, information on studies to occur at the site, and 

community relations information. The fact sheet also requested comments on the Rl/FS work plan 

and address information. 

On May 29, 1986, interested groups, members of Governor Richard Lamm's staff, EPA, 

CDH, and MMAG officials met to discuss the possible formation of a governor's monitoring 

committee for the MMAG site. It was decided that a monitoring committee was aot necessary. 
However, it was agreed that to maintain community involvement, EPA would produce a series of 

information updates and schedule quarterly public meednp. 

As a result, EPA produced eleven information updates from June 1986 through November 

1989; scheduled quarterly public meetings as agreed to by Governor Richard Lamm, interested 

citizens, EPA, and CDH; and held a site tour on June 8, 1986. EPA held the first quanerly public 

meeting for the site on July 17, 1986. 

In June 1986, EPA finalized the community relations plan (CRP). EPA based the CRP on 

information gathered through interviews and meetings. The resulting CRP outlined citizen concerns 

and identified the methods by which EPA would keep citizens informed and involved in decisions 

about studies at the site. 

On Septem:.er 11, 1986, EPA attended a meetinJ of the Deer Creek Mesa Homeowner's 

Association to discuss the area geoloJY, hydrology, and the studies at the site in relation to 

homeowner wells. EPA subsequently sampled 10 wells in the area to determine if contamination had 

reached any potable wells in the Deer Creek Mesa area. 
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EPA alao compDed md maiat.Jiaed a maDiiJi list of approximately 300 aames md addresses. 
AJmouncements md updates were replarly seut to Ibis maDiiJi list. Public mecinp were RJUlarly 

IDDOUilced iD the iDformatioD updates IDd iD local newspapers. EPA also produced a ll11mber of 

press releases during dle early stages of activity at the site IIIDOWlcing the Administrative Order on 

Consent, site activities, and public meetings. 

By September 1987, EPA bad held five public meetinp. Less than 10 community members 
attended the last three meetings. Due to this low auendmce, EPA issued a letter on August 24, 

1987 to everyone on the mailing list swing that unless there was significant community opposition, 
EPA would discontinue the quarterly public meetings. OaJy one letter was received opposing 
discontinuation of these meetings. EPA continued holding public meetings at key points during the 

remaining stages of the Superfund studies at the site. 

3.1 CHRONOLOGY OF COMMVNJTY PARTICIPATION AC11VITIES 

RI Documents 

EPA obtained public comment on the RI documents produced for the site as outlined in the 
CRP. Initially, MMAG submitted a draft work plan for the emire RlJFS to EPA on March 10, 
1986. On March 11, 1986, EPA published a press release aDDOUDciDg 1be be&iDDing of the public 
comment period on the work plan and to announce the March 24 public meeting. The public 

comment period was scheduled to continue dlrouJb March 28, 1986. 

EPA obtained public comment on this document at the public meeting held at Columbine 

High School. EPA also accepted public comments in writing, by mail, and over the phone. Along 

with the public comments received, EPA provided technical comments to · \tAG on the work plan 

document. The work plan established l:hat the RI would be performed in tnree phases md that a 
repon would be completed and public comment received after each phase. 

Ill June 1987, EPA UIDOUilced a regular quarterly meeting. EPA also UIDOUilced l:hat public 
comments would be accepted on dle Phase 1 report. which detailed the studies conducted since the 

be&iJming of the project. The report also incorporated the results of hydrogeologic, aoils, and water 
quality investigations at the fac:Uity since October 1985. The meeting was held on June 23 and the 

public comment period euded on July 10, 1987. No public comments were received during that time 
period. 
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Once Pbase 1 was completed, wort bepD on Pbue 2. Phue 2 was deailned to coaduct 

ldditioaal illvesti&ations at sites within the MMAG facility which were ideatified in Phase 1 IS 

poteDtiaJ sources of contamination. Phase 2 identified four sites tbat required further study. 

1) The Vertical Test Facility/General Purpose Lab Ditch (m the Brush Creek vicinity) 

2) The abandoned waste lines from the Chem Mill to the IWTP 

3) The west side of the factory acid IDd alkaline 10lution spills 

4) The Chemical Storage Tanks between the BOrth door of the factory and the Hydrostat 
Test Facility 

On November 1, 1988, EPA held a public meetina to discuss the results of the Phase 2 

investigations. Subsequently, Phase 3 began an effort to better determine the extent of contamination 

at the four locations identified in Phase 2. 

Fa.sibiUty Study 

After completion of the three-phased Rl, EPA IDd MMAG completed an FS descn"bing 

various alternatives for site cleanup based on contaminants identified in the Rl. The FS was finalized 

in June 1990. 

The public comment period for the FS and proposed plan began June 28, 1990 and ended on 
August 27, 1990. A public meeting to provide information on the preferred alternative and to collect 
comments was held on July 26, 1990 at Deer Creek Junior Hi&h School. The proposed plan, which 

included an announcement of the public comment period aDd meeting, was sent to all individuals on 

the mailing list. The meeting was also announced in display ads in dle Denver Post, BslW 
Moumain Nm. and the Lakewood and Littleton Sentinels. These were also the official notices of 

availability of the proposed plan for review aDd comment. The FS aDd proposed plan were added to 

the information centers for public comment. 

3~ UOCATIONOF~RMATION~ 

EPA identified five information ceaten for availability of site documents for public review. 

The RIIFS, proposed plan, and other related documents are available for review at these five 

locations. Otber related documents available at the centers include the 1986 Administrative Order on 

Consent, public health evaluation and environmental assessment, various eround water reports, 

updates, the CRP, and wort plans. The locations are IS follows: 
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• Lakewood Public Libnry 
10200 W. 20cb Aveaue 
Lakewood. co 80215 

• Denver Public Library 
13S7 Broadway_ 
Denver, CO 80203 , 

• Colorado Department of Health 
lloom 351 
4210 E. 11th Avenue 
Deaver. CO 80220 

• Columbine Public Library 
7706 W. Bowles Avenue 
Littleton. CO 80123 

• EPA Library 
U. S. Environmental Protection Agency 
999 18th Street, Suite 215 
Denver, CO 80202-2413 

September 19, 1990 

The administrative record is also available for public review at the Superfund Records Center 
on the fifth floor of the EPA buildiJl&, located at 999 18th Street in Denver, Colorado. 

4.0 SITE CIIARACTEIUZATION 

4.1 SOURCES OF CONTAMINATION 

Durin& the Course of 30 years of operations at the facility, CODtamination of the soil and 

water on-site has occurred and is attributable to several sou; . '-S. The objective of the Rl was to 

identify those sources and define the nature aad extem of the contamination from those sources. The 
scope of the Rl was limited to areas aot already addressed under the RCRA proeram implemented by 

the State of Colorado since 1984. Additionally, the stUdy did Dot include the U.S. Air Force (PJKS) 
property because there is a separate RIIFS being coDducted for tbe Air Force property which is an 
NPL site. 

The Rl was coDducted in several phases IDd tbe results of eacb phase are described in the RI 
report (Geraghty & Miller, March 1990). The final Rl bad identified tbe IDactive Site Ponds as the 
major source of soil and JrouDd-water CODtamination at the site. Additional areas of contamination 
that were evaluated iD tbe last phase of the IU, Phase 2, included the Chemical Storage Tank area. 
Abaadon Waste Line, the Vertical Test Facility/General Purpose Lab Ditch~ the West Side of 
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Factory spills. Of these addidollllloc:atioas, the Olemical Stonae Tmt uea near the north door of 

the factory is the oaly location where aipificult levels of c:omamination were found in the soil. 

The Rifle Range Landfill was also investigated and the results showed DO conwninant levels 

of concern in the landfill. There are low levels of around water contamination below the landfill that 

may emanate from areas upJrldient. 

4.2 AFFECTED MEDIA AND EVALUATION OF. CONTAMINATION 

The Inactive Site area, the principal threat at the site, contains highly concentrated waste 

from the manufactUring operations. The wastes types include waste oil, wastewater treatment and 

chemical processes sludges containing fluoride, aluminum, chromium, titanium, nitrate and cyanide, 

and halogenated solvents. These sludges include wastes classified as FOOl, F002, FOOS and F019 

RCRA listed waste. There are five ponds lhat were originally used for waste disposal. 

Contamination has since miped into the soil and bedrock surrounding the ponds. An estimated 

2,100 cubic yards (cy) of waste and 24,000 cy of contaminated soils are contained in the area. 

Because the ground water intersects ponions of the Inactive Site area and infiltration has carried 

contaminants into the lfOUDd water, extensive giouDd water contamiDadon has also resulted. 

Bedrock and alluvium have been bipJy contaminated by chemicals leaching from the ponds. 

Below Pond 1, waste has infiltrated directly into the bedrock in the northeastern edge of the pond 

and contaminated saturated and unsaturated alluvium under the south central area of the pond. 

Concentrations in tbe alluvial around water are approximately an order of magnitude higher than in 

perched water found in the Inactive Site pond area. This indicates that contaminant levels are likely 

higher in the alluvium than in the ponds. 

The soil contamination below Pond 1 (alluvium) is DOt uniform according to the soil core 

samples. This suggests lhat dlere is a discrete aonaqueous phase liquid (DNAPL) phase present. 
Mackay and others (Mackey, 198S) maintain that due to diffusional limitations and dilution by 

dispersion, tbe water in CODtacl with OqaniC liquid phases JeaeraJly has comamirwtt collcemration 

levels tbat rarely exceed 10 perceat of the saturation limit. 'lbe pouDd water in the alluvium below 

Pond 1 has TCE in concemrations exceedin& 19 percent of TCE saturation limit. If the direction of 

alluvial ground water flow follows the slope of the bedrock surface, the alluvial ground water is 

moving to the south. There is the possibility that dle bedrock discbarses JI'OUIId water to dle 

alluvium underneath or uplfldieat of Pond 1. lbe RI determined that bedrock ground water flow is 
areatest parallel to strike. An examination of the water level data uparadient and parallel to the 

strike of tbe Foumain Formation iDdicates that the water table must dip steeply to prevent bedrock 
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pOIIDd water from discbarJia& bdo the alluvium. It is more likely tbat the water table observed in 
the bedrock upcndieat is hydrolopcally coaaecred to the water table preaem iD the alluvium UDder 

PoDd 1. 

The material contained within Pond 2 was moved into Pond 1 in 1980. The core logs of the 
soil borinp in Pood 2 indicate that there is 110 waste material left. Chemical analysis of samples 
taken from within the ponds have low levels of VOCs Oess than 100 microJWDS per kilogram 

(uafk&)) and moderate levels of chromium_(up to 464 milliarams per tiloanm (mgJk&)). Pond 2 is 

located direetly above the bedrock aDd there is DO alluvium or alluvial arouod water below the pond. 

Poad 3 is also located d.irecdy above the bedrock. It coatains up to 5 feet of mixed waste 
and clay. Detectable VOC conc:emration levels in the waste material range from 136 uglkg tt. .1,120 
uglkg and the chromium concentration ranges from 9.6 mglkJ to 44 mglkg. No piezometers have 

been installed in Pond 3; therefore the best available evidence in the core logs suggests that the waste 
material in the pood and the alluvium around the pond is saturated. The level of contamination in 
the _grouud water IDd the lateral extent of ground-water commination are unkDOwn. 

Soil and lfOUDd water in and UDder Pond 4 are highly comaminare<t. Core samples talcen 

from the waste material have TCE concentrations as lfelt as 74,000 ualq and chromium 
concentrations as pat as 42,500 mglkg. The alluvium below the ponds has TCE concentrations as 
great as 6,SOO,OOO ug!kJ (0.65 wt") aDd chromium concemrations as great as 5,360 mglkg. More 
significant than this is the distribution of the TCE with depth. A concentrltion of 6,500,000 ug/kg 

of TCE was detected in a three foot core sample (SCB-28; 20 feet to 23 feet) taken from the 
alluvium in a low point in the bedrock. There is 110 discrete waste found d.irecdy above where the 

sample was taken. Since 6,SOO,OOO uglkg is substantially higher than the solubility of TCE in water 
(1,100,000 ug/1) and since the IJIIOUDt of organic carbon needed to completely adsorb the excess 
TCE is approximately an order of magnitude higher than expected, it is very likely that the TCE 
exists as a discrete phase. 

Lite Pood 1, there are two distinct layen of lfOUDd water iD Pond 4. 1be upper layer 
occurs as perched water within the polld. Wlter level meuutemelltS in well GM-142 indicate that 

the upper layer is DOt permllleat. It I'IDies in thickness from aear 0 feet to OVf!/C 6 feet. The lower 

hydroloJic layer occurs in the alluvium approximately 7 feet below the upper laver. It is more than 

4-feet thick. The upper layer has VOC concentrations as high IS 13,200 ug/1 and the lower layer has 
VOC conceotratioDS IS high as 596,000 ug/1. Thus, the trend in TCE concentration observed in the 

soD borinp is mimicked by the around water. The direction of alluvial JrOUDd water flow follows 
the slope of the bedrock surface; the alluvial JfOUnd water is moving to the southeast. 
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The levels of contamination preseat in aDd UDder Pond S are the highest measured at the site. 

There are only four borinp wi1hin the pond area IDd only one of these was sampled for chemical 

characterization. The hiahest measured TCE concemration is 7,100,000 ugltg for the waste 

materials aDd 3,300,000 ug/tg for the alluvium. Both are siJD,ificantly higher than the solubility of 

TCE in water. Unlike Ponds 1 and 4, both the waste material and the alluvium are contained within 

one hydrologic layer. Pond S sits in a depression in the bedrock that is lined with approximately 3 

feet of alluvium. The thickness of the saturated zone above the bedrock is estimated to be 7 feet and 

it is flowing to the southeast. 

The highest observed contaminant concentrations in Ponds 1, 4, and S are all located at low 

spots in the waste mix/alluvium interface or alluvium/bedrock interface. The similar trend in all the 

ponds suuests that a dense phase has migrated into depressions. 

A summary of the chemicals of potential concern in the Inactive Site soils and the detected 

concentration range is given in Table 4-1. A cross section of the ponds showing contaminant 

profiles is presented in Appendix B. 

Contamination from the ponds bas migrated with the bedrock and alluvial ground water. 

Contamination in the bedrock bas migrated at least 800 feet down dip in the Fountain Formation. 

Most of the contamination detected north of the ponds can be attributed to down dip migration. 

Ultimately, the contamination mi(flting down dip will move to depths of over 6,000 feet under the 
Denver Basin. As described in Section 1.4, the formations which subcrop under the MMAG facility 

are overlain by approximately 5,000 feet of shale which should prevent contamination from moving 

into utilized aquifers. Contamination is also miJrlling along strike to the southeast. Both migration 

parallel to strike and recharge from the contaminated alluvial aquifer can explain the distribution of 

contaminants in the bedrock south of the ponds using the data on band. It is impossible to 

distinguish bow the contamination migrated to its present position. The bedrock shows high levels of 

contamination over 2,000 feet south along strike. A ridge of resistant bedrock is preventing large 

amounts of contamination from entering the upper reaches of the West Branch of Brush Creek. 

Similarly, the Lyons sandstone is preventing large amoums of contamination from entering the SSB 

area. The amount of comaminam migration across strike is unknown. The disuibution of 

contamination in d..: Rifle Range Landfill area suuests that there is another TCE source besides the 

landfill. The most obvious source is the Inactive Site; however the evidence is not conclusive. 

The other contaminant source area identified by the RI is the soil conwnination around the 

Chemical Storare Tanks. The four cootaminants detected in the soil at the Chemical Storage Tank 

area are TCE, 1,1,1-ttichloroetbane (TCA), 1,1-dichloroethene (DCE), and total nitrogen. The 
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TABLE +1 
MARTIN MARIE'JTA ASTRONAUJ'ICS GROUP SITE 

CONCENTRATION RANGE FOR CHEMICALS QF CONCERN 

INACTIVE SITE POND AREA 

Chemicals of Concern 

VOLATILE ORGANIC COMPOUNDS, uglkg 

Acetone 
2-Butanone 
1,1-Dichloroethane 
cis-1,2-Dichloroethylene 
trans-1,2-Dichloroethylene 
Ethylbenzene 
Methylene chloride 
4-Methyl-2-pentanone 
Tetrachloroethylene 
Toluene 
1,1,1-Trichloroethane 
Trichloroethene 
m-Xylenes 
o+p-Xylenes 

SEMI-VOLAm.E ORGANIC COMPOUNDS, ug/kg 

Anthracene 
Beozo(a)anthracene 
Beozo(a)pyrene 
Benzo(ghi)perylene 
Benzo(b + k)fluoranthenes 
Bis(2~ylhexyl)phthalate 
Chrysene 
Di-~lphthalate 
Fluo ene 
1Ddeno(l,2,3-cd)pyrene 
Pheaanthreae 
Pyrene 
1 ,2,4-Trichlorobenzene 
Pheuol 

PCB· 1242 
PCB- 1248 
PCB- 1254 
PCB- 1260 

19 

Total Concentration 
Range 

low high 

113 
374 

57 
51 
63 
35 

1,260 
244 

41 
16 
41 
43 
68 

108 

2,740 
2,090 
3,120 
3,SOO 
3,180 
2,060 
2,160 
1,710 
1,880 
1,740 
2,000 
1,770 
2,480 

Dd 

371 
1,310 

177 
1,060 

8,480 
23,500 

2,860 
126,000 

63 
105,000 
179,000 

4,750 
1,100,000 

607,000 
163,000 

7,100,000 
232,000 
238,000 

2,740 
4,300 
3,600 
3,500 
6. <'')() 
9 .. .:0 
4,730 
2,980 

14,700 
1,890 

14,100 
8,760 
4,930 

Dd 

79,800 
12,800 
5,600 

14,400 
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TABLE 4-1 (continued) 
MARTIN MARIE'ITA ASTRONAuriCS GROUP SITE 

CONCENTRATION RANGE FOR CHEMICALS OF CONCERN 

INACJ1VE SITE POND AREA 

Chemicals of Concern 

INORGANIC COMPOUNDS 

Aluminum, mglkg 
Antimony, mg/kg 
Barium, mg/kg 
Beryllium,mglkg 
Cadmium, uglkg 
Chromium mglkg 
Chromium (hexavalent), mglkg 
Copper,mglkg 
Lead,mglkg 
Mercury, ug/kg 
Nickel, mglkg 
Silver, ug/kg 
Auoride, mglkg 
Nitrate + Nitrite, mglkg 
Cyanide (total), mglkg 

20 

Total Concentration 
Range 

low high 

1,640 
11.5 

22 
1 

1.6 
2 

0.79 
4.7 

3 
0.07 
4.7 
24 

9.2 
0.4 

1 

158,000 
461 

1,820 
s.s 

159,000 
42,500 

9.3 
28,600 

858 
2,400 

179 
28,100 

253 
71 
34 

I.E:Oll~\Manira\Rodlbl.4-1 \ale 
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extent of contamination appears to be limited to a amall area under and around the tanks. 

Additional source areas for lfOUIId water contamination Gist in the M3 area, SSB area and 
the Chemical TeclmoloJY Lab area. These are RCRA regulated areas not investigated as part of the 

RI. Large amounts of TCA, TCE, DCE, acetone, chromium, and other chemicals have been 

released to the lfOUIId water. In the M3 area. the ground water has been severely contaminated in 

three areas. The most contaminated area is at the oorth end of the manufacturing building. 

Concentrations of TCA up to 2,600,000 ug/1 have been detected. Other comaminants present include 

TCE, DCE, acetone, methylene chloride, and chromium. In this area there is DO alluvial ground 

water, therefore, all the contamination is located in the bedrock and the bedrock JfOUDd water. 

The second contaminated area is down gradient of the Evaporation Pond, where levels of 

TCA up to 110,000 ugll have been detected. Other chemicals that have been detected include DCE 

and chromium. Both bedrock and alluvial ground water have been comaminated. The Evaporation 

Pond is DOw undqoing RCRA closure under the supervision of CDH. 

The third area of contamination is directly down gradient of the Evaporation Pond near the 
south end of the manufacturing buildin&. TCE has been detected at concentrations of 150,000 ug/1. 
TCA and DCE also occur at high levels. There is a source for contamination in this area. but some 

of the TCA and DCE may have migrated from the Evaporation Pond. Both alluvial and bedrock 

ground water are highly contaminated in this area. 'lbe ground water contamination from these three 

source areas is migrating down Filter Gulch towards the Kassler facility. The contaminated alluvial 

ground water is intercepted by the Filter Gulch recovery well system. 'lbe contaminated bedrock 

ground water is migrating off-site near Filter Gulch. Before the recovery well system was installed, 
TCE from these sources was detected in the Kassler area. 

4.3 MOBILITY OF CONTAMINANI'S 

4.3.1 Ground Water 

'lbe migration of contaminants in the alluvial ground water is the dominant comaminant 

transpon process active at the site. High levels of contamination have migrated into the upper 

reaches of Dry Gulch. Lesser amounts of contamination continue to migrate downstream into the 

Brush Creek drainage and along the West Branch of Brush C· ~into the South Platte alluvium 

around the Kassler facility. 'lbe concentration of TCE in the bead waters of Dry Gulch is as high as 

67,400 ugll in well GM-11. About half way down the gulch at well GM-80, the concentration of 

TCE drops an order of magnitude to S,680 ug/1. At the point where Dry Gulch intercepts tb:e West 
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Branch of Brush Creek, the concemntion ofTCE is about 1,800 UJ/1. Above the West Branch of 
Brush Creek recovery well system, the conceatrltion of TCE riDJes from 36 UJil to 260 UJ/1. 

Below the Brush Creek ground water recovery well system, the TCE concentration in the 
JfOund water has dropped with time. Before operation of the recovery well system, GM~ bad 

TCE concentrations as high as 71 ug/1. After nearly l.S years of operation, the concentration in the 

JfOUDd water bad dropped below the detection limit. All the other wells down gradient of the West 
Branch of Brush Creek recovery well system have also shown decreases in the level pf TCE 

contamination. 

NDMA and chromium are two contaminants. of concern that have migration characteristics 
different from TCE. NDMA is very soluble in water; therefore the speed at which it will move 
through the system is dependent upon the ground water velocity. The behavior of chromium is made 
more complicated by the different solubilities of trivalent chromium (C(') and hexavalent chromium 
(Cr•'). Cr .. is much more soluble in water therefore it is much more mobile. er•' is DOt very 
soluble, therefore it is not very mobile. Most of the chromium detected at the Inactive Site is cr•'. 

Although there is cqmamination in the bedrock, the Cretaceous age Graneros Shale, 
Greenhorn Limestone, Carlisle Shale, Niobrara Formation and Pierre Shale form a layer of very low 
hydraulic conductivity over 6,300 feet thick. The thickness and impermeability of this sequence will 
prevent any contaminated ground water in the bedrock formations that subcrop under the MMAG site 
from impacting the utilized aquifers in the Denver Basin. 

4.3.2 Surrace Water and Sediments 

Samples have been collected for chemical analysis during the RI from the following surface 
water bodies: 

• Brush Creek (both branches and Lower Brush Creek) 
• Filter Gulch 
• Last Chance Ditch 
• South Platte River 
• Lariat Gulch 

Surface-water contamination has been directed in both branches of Brush Creek. On the East 

Branch of Brush Creek, the majority of the coDf2minarion appears to be limited to two reaches. The 

first is from the U.S. Air Force property boundary to directly upstream of the Rifle Range Lm:tfall 
where TCE, cis-1,2-DCE, trans-1,2-DCE and TCA have been detected at maximum concentrations 
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of S1 uJII, 5.2 uJII, 9.7 uJil ad 5.1 UJ/1, reapec:tively. 'Ibe UCODd is located directly east of the 

SSB facility. TCE is tbe oaly orpDic contamiftlllt fouDd iD this portion of Brush Creek with 
concemrations ran&ini from 14 ug/1 to 31 UJil (Gerqhty &. Miller, 1990). 

Stream-flow rates and JfOUDd water flow directions iDdicated that both these reaches 
consistently exhibit piniDJ coDditiODS and that comminated JrOUDd water is discharging to the 

stream. ID addition, the presence of these contaminants upstream of the property boundary indicate a 
aource is also located on the U.S. Air Force property (Gerqhty It Miller, 1990). 

On the West Branc::b of Brush Creek there are three areas of surface-water contamination. 

Surface water quality has been impacted near the confluence of the West Branch of Brush Creek and 
the dry gulch that trends southeast from tbe Inactive Site area. Ground water migrating down the 

dry gulch, through alluvium overlying tbe Fountain Formation, surfaces at seeps approximately SO 

feet above the confluence. Samples collected at tbe seeps exhibited cis_·1,2·DCE and vinyl chloride 
concentrations ranging from 5.5 ug/1 to 27 ug/1, and from 3.4 ug/1 to 34 uzll, respectively. 

Low levels of TCE have also been detected adjacent to the Lower Brush Creek Recovery 
system and approximately SOO feet upstream of the property boundary. No organic contaminants 
have been detected at statiODS located downstream of the confluence on Lower Brush Creek. 

Stream sediments were sampled on both the West IDCl East Branches of Brush Creek and 
only toluene was detected at one location near the Inertial Guidance Lab at a concentration of S9S 

ug/1. 

The relatively low concentrations of inorganic: compounds in JfOUDd water between the 

Inactive Site and the upper West Branch of Brush Creek, IDd the evidence that Brush Creek is a 

losin& stream along this reac:b sugest that previous activities at the Inactive Site have not impacted 

tbe inorganic c::bemic:al quality of the stream sedimems of tbe West Branch of Brush Creek. 

Alone the East Branch of Brush Creek, bis (2-ethylhexyl) phthalate wa detected (2,750 ugll) 

in the stream sedimellts adjaceut to the Rifle Ranee Landfill (Gerqbty It Miller, 1987e). An 

increase in the concentrations of inoraanic chemicals sucb as chromium (total aDd hexavalent), iron, 

lead, fluoride, total kjeldahl nitrogen (TKN), sulfate, copper, Ditrate/Ditrite, phosphorus, aluminum, 

and zinc: in sediment samples collected at surface water stations ldjaceat to and just downstream of 

tbe Rifle Range Lllldfill ippears to reflect an impact to stteam sediment quality from the Rifle Range 
Lllldfill (Geraghty&. Miller, 1990). 
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Sediment samples were collected in the lower portion of the West Bnnch of Brush Creek and 

aloq Lower Brush Creek, IDd C.oCa petroleum hydroclrbcms (26.0 mall) were detected in one 
sample. Fluorantheue (2,390 ugll) IDd pyreue (2,430 ueJI) were also detec:ted in one sample and 
may reflect the impact on the creek from storm drains which divert ruDOff from a nearby parking lot 

(Geraghty & Miller, 1990). 

TCE is the primary or,anic contaminant detec:ted in Filter Gulch surface water. Other 

organic contaminants which have also heeD detected in Filter Gulch are: 

Parameter 

1,1,1-trichJoroetbane 
cis-1,2-dichloroetbene 
1,1-dichloroethane 
1,1-dichloroethene 
bromoform 
TCE 
vinyl chloride 

Range of Concentration fugal 

~ 
ND-116 
ND-273 
ND-7.1 
ND-5 
ND-135 
ND-2.7 

Five sediment samples were collected in Filter Gulch. VOCs were DOt detected in any of the 

sediment samples nor were there IDy inorganic constituents above the established background range. 

No organic compounds have been detected in samples from Last Chance Ditch during the Rl. 

However, eround water seeps in Last Chance Ditch show low level organic contaminants. 

Surface water quality samples collected from the South Platte River at the intake of DWD 
conduit I 20, located approximately three miles upstream of the Kassler Treatment Plant, were only 

found to contain the common laboratory contaminant bis (2-edlylbexyl) phthalate (24 ug/1). The 

reported presence of this chemical is attributable to a labcnatory bias. Additional samples collected 

from the South Platte River at various locations in the Kassler area by MMAG, EPA and DWD 

during 1983 and 1985 were free of detectable orpnic compouDds. 

No orpnic compounds have beea detected in surface water samples collected from Lariat 
Gulch. Cr .. was detected during a Marcb 1987 sampliqrouud at the medlod detection limit (0.01 

mg/1) from a sample collected approximately 5,000 feet dowastream of the DOrtbern boundary of the 
U.S. Air Force property. 

Organic compou~s have been detected at a seep on the hillside approximately 300 feet north 

of the Propulsion Research Lab (PRL). TCE and cis-1,2-DCE were detected at concentrations of 

338 ug/1 and 16 ug/1, respectively. Data developed during the ongoiq IRP at the U.S. Air Force 
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facility indicate tblt this aeep is fed by lfOUDd watec iD the bedroct (FOUDdadoD Formation) and is 

not directly nUred to conditions in tbe IIIUrlted alluvium at tbe PRL (Gerqbty & Miller, 1990). 

4.4 MODELLING OF CONTAMINANT MIGRATION 

A ground-water cootaminant transpon model was developed for the MMAG site to predict 

the concemration of the major conmniDams of concern at several exposure points for which a risk 

assessment was performed (see Section 5.0). Exposure point concentrations were predicted for as 

much as 100 years into the funJre (1989 to 2089). First, the JrOUDd water flow model was calibrated 

to the water levels and volumettic flow rates at the site. Output from the flow model was then used 

as input to a chemical transpon model which predicted the miJration of contaminants at the MMAG 

facility between bedrock, alluvium, and surface waters. As an approximation of the uncertainty 

associated with the model predictions, simulations were run which used •upper bound• chemical 

concentrations at the contaminant sources to predict maximum plausibl~ exposure point concentra

tions. 

The cround water flow model of the MMAG facility is based upon the U.S. Geological 
Survey (USGS) computer program for the simulation of tbree-dimensionallfOund water flow 

(Trescott and Larson, 1976). The chemical transpon model was prepared by S.S. Papadopulos&. 

Associates (SSP&.A, 1989). 

Eipt source areas were considered iD the contaminant transpon madeline: the Evaporation 

Pond; the Manufacturine BuildinJ and associited facilities iD the M3 area; tbe Space Suppon 

Building area; the Inactive Site; the Rifle Range Landfill; the General Purpose Lab (GPL); the 

Chemical Technologies Lab (CTL); the U.S. Air Force properties upgradiem oftbe CTL; and the 

U.S. Air Force properties upgradieut of the MMAG facility along the East Branch of Brush Creek. 

Results of the comaminam transpon modelling indic:ared that most of tbe TCE observed iD 

the alluvial aDd bedrock around watec aDd the l1ll'face streams can be explained by migration from 

the Inactive Site and the M3 1rea1 It 1 constant rate. In Filter Gulch the TCE distribution was best 

mau:bed when 1 CODStaDt TCE concemration of 1,200 pans per bUlion (ppb) was assumed at tbe M3 

area. This is somewhat lower than the atimated IYerage source conccatration of 1,800 ppb. 1n Dry 

Gulch, West Branch of Brush Creek, and Brush Creek, tbe TCE distribution was almost completely 

explained by migration from the Inactive Site. 

There was considerable debate over developiDe estimates of tbe unc:en:aimy associated with 

the model results. EPA decermiDed that developing an accurate probability distribution for .,;<.posure 
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point coDCellttltious was DOt possible pea tbe larJe DUmber of parameterS illvolved in tbe model. 
lutead, it Wll qreed tbat sjmata would be made for the •upper bouDd• apoaure point coDCeDtra

tioas. 1bese upper bouDd valua were coasidered tbe plausible maximum aqueous concemrations at 

the exposure points. The upper bound concentration at a well was defined as the mean concentration 

plus two standard deviatioas. 

Exposure points for which the upper bouud concemratioas were evaluated included Jround 

Water wells on- and off-site, surface water_ in Brush Creek, the South Platte and soils on-site 
assuming residential and industrial exposure scenarios. The results of the risk assessment describe 

the risk associated with these points of exposure. 

Evaluation of Ground Water Remedial Alternatives 

The four lfOUDd water alternatives presented in Sections 6.6 ~gb 6.9 were evaluated 
using the model to determine the amount of time required for JrOUnd water restoration. The model 
assumed that all sources were removed or remediated. The remedial time frames for JrOUnd water 
restoration for each alternative are as follows: 

Alternative 

GW-1 

GW-2 

GW~3 

GW-4 

Restoration Dme 

More than 130 years off-sitenO years on-site 

130 years on-site/more than S years off-site 

<lS years on-site/more than S years off-site 

<lS years on-site/more than S years off-site 

In simulating these remedial alternatives, the calibrated model was modified so that the 

alluvial JrOUDd water was completely removed at these poiDts. The water w~ then reinjected into 

the surface water model segments corresponding to the location where outflow from the treatment 
system enters Brush Creek. 

Contaminant Transport Modellinc at tbe Cbem MiD, SSB, and EYaporatioo Pond 

Source areas affecting JrOUDd water which were not pan of the RliFS but are currently 
manaaed under RCRA authority, were evaluated as pan of a site-wide around water remediation 
plan. Modellinl was used to assist in the selection of appropriate systems which were added to the 
ground water alternatives in the FS. 
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Corrective action measures at dle Cbem Mill, SSB, IDd Evaporation PoDd areas were 

evaluated asia& coupled pouDd water flow llld comaminant 1nDSpOrt modeiJ a d~Ded for dle site 
wide model. ID die EVIpOI'Ition Poad area die 11111e site wide models descnDed previously were 

used to evaluate contaminant traDSpOrt. At tbe Cbem Mm IDd SSB area. additioaal localized models 

were developed ill a manner analoJOUS to the overall site model. Ground water transpon was 

estimated by calibratin& the USGS's three-dimensional modular flow prorram developed by 

McDonald and Harbaugh (1988) aad contamiDam traDspOrt was determined with a three-dimensional 

trmspon code developed by SSP&tA. 

CollWninaDts simulated iD tbe Cbem MDI area include TCE, TCA, IDd hexavalent 
chromium. Contaminant tt'IDSpon modeliDg of the Cbem Mill area simulated potential corrective 
measures. These included (1) perforation and withdrawal of JrOUnd water from all four sumps in the 

Chem Mill basement and (2) perforation and Jround water withdrawal from all four sumps (as in 1) 

and pumpage of JfOUDd water from 9 wells located iD areas of sround _water contamination. 

Model simulations iDdicated that pumpiDg water from the sumps is an effective method of 

removing TCE and TCA from the ground water. If a pumpin& alternative is used, TCA is predicted 
to decrease below the maximum contaminant level (MCL) In less dian I years. Additional wells are 
required to achieve comparable removal of chromium from dle vicinity of the Hydrostatic Test Tank. 

Hexavalent chromium is DOt easDy removed due to its limited mobility ill the ground water as 
compared to the VOCs. 

Modelling at the SSB simulated a scenario involving pumping of around water from seven 

wells in dle area all of which show siJDS of grouud water contamination. The total flow to dle seven 

wells iD the remedial alternative was less than 0.1 IJ'm. Furthermore, based upon monitoring data, 

the model predicted the acetoDe coacem:rations would drop below 2,400 ppb (the 10" risk level) iD 

10 years. Addition of e:maction wells would not appreciably alter this outcome with respect to the 

time required to achieve the cleanup level. 

Simulations of remedial alternatives in the Evaporation PoDd area considered the transpon of 

TCA. Modellin& results indicated tbat TCA conc:ellttations in the alluvial pou.ud water would be 

decreased significamly ill 10 years UDder a scenario of source control by fixation IDd capping. 

Source control does DOt have a siJnificant impact on bedrock TCA conceatrations ill this same time 
frame due to the lower grouDd water velocity. 
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S.O SUMMARY OF SITE RISK 

A Public Health Evaluation (PHE) and EcololicaJ Assessment (EA) were performed for the 
MMAG site by Clement Associates, IDe. (CAl, 1990). The information presented in this section is 
summarized from that repon. The purpose of the PHE and EA was to evaluate the risk to human 

health and the environmental impacts which might be associated with the MMAG site under current 

or potential future conditions of land use. The PHE and EA constitute a baseline risk assessment. 
They are based on the assumption that no remedial action or mitiption procedures are instituted or 
in place that might lower tbe concentrations or reduce the effects of contamination identified in 

various media on the site. The risks associated with the site were evaluated to facilitate selection of 

remedial actions at the site. 

S.l CONTAMINANT IDENTIFICATION INFORMATION 

Contaminant concentrations used in the risk assessment were of two types: 

1. Validated sampling data 

2. Data gen~ by computer modelling that resulted in estimated chemical 
concentrations at locations downstream from known sources for future and present 
conditions 

These data were used to idemify the media and conwnmams of concern. to calc:ulate the associated 
health risks, and to evaluate poteDtial environmental effects. 

5.1.1 Media or Concern 

Three media of concern were idemifled because they could be pathways of exposure to 

conwninants originating on the MMAG site: soil, surface water, IDd grouDd water. The basis for 

selection of these media was the presence of significant concentrations of contaminants and the 
potential for human exposure and environmemal effects associated with these CODCeDttatioos. 

Air was DOt selected as a media of concern because air monitoring data showed DO inorganic 
contamination and insignificant contamination Oow concentrations detected only once) of VOCs. 
Transpon of non-volatile compounds by airborne dusts was not considered in the risk assessment 
except for the case of on-site construction workers involved in activities that disturb subsurface soil 
for limited periods of time. 
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Sediment was DOt coasideted a medium of concern becauae sampliDJ data iDdicated DO 

sipificaDt comamiDatioD widliD tbll medium. 

5.1.2 Contaminants of ConarD In Eadl Medium 

Chemicals of potential concern for the risk assessmem were selected by a process of 

elimiaation. Sampling data for each chemical were scrutinized IDd compared to selection criteria. 

The followin& criteria were used to eliminate a detected contaminant from further consideration: 

• 
• 
• 

The contaminant was DOt specific:ally idemified in the aampling results but was 
reponed ODly as 1 chemical class. 

No toxicity criteria exist with which to evaluate tbe health or environmental effects of 
tbe identified chemical. 

The chemical concentration was oot above local or rqional background 
ooncemrations. 

• The chemical was detected with 1 frequency of less than S percent or ODly once, and 
was DOt detected frequendy above backlfOUild in related media. 

• The sampling data did DOt meet Level 4 criteria for Data Quality Objectives (DQOs) 
as defined by EPA (EPA, 1987) IDd tbe chemical was DOt detected above background 
levels in related media. 

In addition, ODly dissolved metals were considered iD lfOUDd water (that is oDly the merals 
detected in fiJtered erouud water samples) with tbe exception of heuvaleat chromium. Total metals 

(metals detected in unfiltered samples) were considered in selection of chemicals of concern for 

surface water. Radioactive parameters were DOt considered because of the proximity of uranium
bearing geological zones IDd minimal historic use of radioactive compounds on the site. 

Olemicals of potential concern were ideatified separately iD ach of 1.1 different geographic 

areas for lfOUDd water. 9 clifferellt areas of surface flow for surface water. IDd 9 geographic areas 

for soil contamination. Up to S3 chemicals were determiaed to be of potelltial coacem iD each of 

these areas, with the lqest number being praeut in che soils IDd JrOUDd water iD the Inactive Site 

area. Classes of chemicals designated to be of CODcem iDcluded: 

• 

• 
• 

Chlorinated aliphatic orpaic coiiiPOUDds accouated for most of che chemicals of 
concem considered and iacluded tCE, tetra.chJoroethyleue, 1,1,1-TCA and a suite of 
transformation procluds including vinyl chloride 

Aromatic c:ompouads iDcluding benzene, toluene, phenols, and xylenes 

Hydraziaes and the transformation product NDMA 
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• Polycyclic aromatic hydrocarbons (P AB) iDcludiDJ beuzol(a)pyrene 

• Polychloriuted bipbeayll (PCBa) 

• Inorganic compounds including fluoride, nitrates and nitrites, cyanide, and at least 16 
metals including hexavalent chromium, arsenic, lead, cadmium, and beryllium 

The complete listing of chemicals of concern for each media in each geographic area is provided in 

Tables 2-5 through 2-8 in the PHE (CAl, 1990). 

5.1.3 Concentrations of Chemicals 

Jn general, concentrations of chemicals are hiabest in ground water and soil and lowest in 

surface water on the site. 0( the 11 geographic areas on the site that were investigated, the most 

contaminated areas both in numbers of contaminants and concentrations of contaminants are the 
Inactive Site and the M3 area. The Filter Gulch area is also associated with relatively more 

contaminants or higher concentrations of contaminants than other site areas. 

Concentrations of organic contaminants in ground water were generally in the ppb range but 

a large number of organic and inorganic contaminants were found in parts per million (ppm) 

concentrations in at least one geographic area including: 

• The ketones acetone and 2-butanone 

• The chlorinated aliphatic compounds methylene chloride, TCE, tetrachloroethylene, 
1,1,1-TCA and the transformation products cis- and trans-1,2-DCE, 1,1-DCE, and 
1,1-DCA 

• The aromatic compounds toluene and total xylenes 

• The nitrogen~ntaining organic compmmd monomethyl hydraziDe 

• Inorganic compounds including the metals hexavalent chromium, total chromium, 
arsenic, iron, manganese, mercury, silver, COpPer, aluminum, the halogen fluoride, 
the nitrogen-containing inorpnic compounds Ditnte and nitrite, and ammonia 

Of the organic contaminants, TCE c:omamiurion of grouDd water was the highest and most 
widespread: TCE was detected in nine JfOUDd water study areas and was fouDd in ppm 
concentrations in five ground water study areas on-site. Related chlorinated compounds and 

transformation products were also widespread, although not generally in such relatively high 
concentrations. 
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Bcuvaleat chromium was detected in six study areas altboup it was eJiminated as a 

chemical of poteatial CODCem for the riat ua•sment in three IlDdy anu. h was fouDd in ppm 
concentrations in two areas; the M3 area ad the IDactive Site. 

The important transformation products vinyl chloride IDd NDMA were each foUDd in 
concentrations sreater than 100 ppb in the Filter Gulch area IDd the Inactive Site area, respectively. 

Vinyl chloride was also detected in one other JrOUDd water ltlldy area. 

The comaminant conceatrations in JI'OUDd water used in the risk uaessment are tabulated in 

Tables A-1 tbroup A-ll in the PHE (CAl, 1990). 

The number and concentration of soU contaminant:s was highest in the IDactive Site and M3 

areas where a total of 44 chemicals were detected in ppm concemratioas including: 

• TCE, tettachloroedlylene, IDd related compounds 

• five bellzene-related compounds 

• eleven PAHs 

• four PCBs 

• eight metals including heuvalent chromium 

• Other inorganic compounds including cyanide 

Additionally, in these two areas the mecals aluminum, barium, .copper, ad total chromium (including 

hexavalent) were measured in pans per tbousalld conceuttatioDS (that is for every kilogram of soil 
there was one gram of these metals at the sampled location). Vinyl chloride was also detected in 
these two areas at a concentration pater than 100 ppb. 

Soil con~as of comambumts detected in all study areas are tabulated in Tables A-23 

through A-31 of the PHE (CAl, 1990). 

Surface water em-site was usocWed with c:onceattatioDS of chemicals in the ppb range IDd 
with fewer detected compounds, primarily metala IDd a few orpnic chemicals, most DOtably TCE. 

Iron aDd nitrate were detected at least once in em-site surface water in the ppm range. The aliphatic 

compound TCE was detected at a maximum concemration of JrUter than 100 ppb in Lariat Gulch 

surface water. Vinyl chloride was detected in the Filter Gulch IUrface water at approximately 3 ppb. 
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Tables A-12 tbroup A-22 of the PRE preseat the complete results of contaminant concemrations 
detec:ted in surface watcr iaclwfiDa the South Plaue River sampliq results (CAl. 1990). 

5.2 EXPOSURE ASSESSMENT INFORMATION 

Human exposure to comaminants of concem identified on the MMAG site were assessed 
based on the presence of contaminants in the three primary media of concern (soil, ground water, 
and surface water) and the likelihood of human contact with those media by inhalation, ingestion, 

and dermal contact. Exposures to DOD-human species were evaluated based on chemical 

concem:ratioas in soil and surface water IDd the likeJibood of direct contact with these contaminants 
by wildlife or plant species. EPA required the evaluation of domestic use of ground water on-site as 
a reasonable maximum exposure scenario. 

5.2.1 Exposure Pathways 

For humans, the followin1 major pathways were evaluated: 

• Ingestion of venison or fish that had contacted site contaminants in soils and surface 
water on or proximate to the MMAG site 

• Direct coatact with conwninated soils in different geographic areas on-site by 
incidemal ingestion, inhalation, aDd dermal absorption 

• Domestic use of surface or lf01IDd water at various sampled exposure points resulting 
in exposure by ingestion IDd inbalation of coawninams volatilizing from water 
durini use 

Nineteen potential pathways were iDitiaJJy considered but only 11 were evaluated IS likely to be 

complete. All pathways considered are tabuWed in Tables 4-2 aDd 4-6 of the PHE (CAl. 1990). 

For wildlife and plants the following exposure pathways were identified: 

• 

• 
• 
• 

Direct coatact with contaminants in soU by inhalation, iDJestion, aerial deposition and 
absorption (such IS deposition on plants), or dermal exposure (such IS during 
burrowin1 behavior) 

Direct coatact with contaminants in surface water by ingestion, by dermal absorption 
during ba!hinl or swimmin1, or for fish durinJ respiratioa tbroueh ,nls 

Direct c:onw:t with contaminated sedimeats by wading lllimals or birds, or by 
inJestion by bottom-feediDJ invertebrates or fish 

Indirect coatact with comamiaants originating on the MMAG site by ingestion of 
contaminated prey or vegetation 
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Molt of these padnwys were coasidered only qualitadvely in tbe useaameat because data are lacking 
fur quamit.ative evaluadoa. 

5.2.2 Potential Exposed· Populations 

Potentially exposed human populations were identified to iDclude the following: 

• Deer bunters on the site IDd penons fisbiD& iD the Deatby South Platte River or the 
Division of Wildlife poDds 

• Workers at the MMAG site worJtiD& at specific outdoor locations 

• Domestic: users of water from the Chatfield Reservoir dowustream from tbe site 

• Hypothetical residents living on-site 

Animal and plant populations poteatially exposed include: 

• 

• 

• 
• 

Rare, threatened, or endangered species inc:ludinJ a plant rare only in Colorado, the 
annual threeawn, and two Federally-listed endangered species: the bald eagle and the 
perelfine falcon 

Plant, terrestrial animal, and bird species associated with lbe variety of habitats on or 
proximate to the site that ranae from Jl'lssl•nds to DJOUDtain habitats and include 
riparian habitats alona1be Sousb Plaue River IDd the Chatfield Reservoir 

Aquatic species iD the South Platte River aDd lbe Chatfield Reservoir including game 
fish and lbe populations of species that suppon lbem 

The populations of fish, invertebrate, md plant species that may live or range into 
lbe on-site streams of Brush Creek, Dry Creek, Filter Gulch, and Lariat Gulch some 
of which have peramiaJ flow in certain portions of their courses through aDd off the 
site 

5.2.3 Monitorinc or Modellin& Data and Assumptions Used to Characterize Exposure Point 
Concentrations 

Botb mollitoriq and modelliD& data were used to estimate apoaure CODCeDU'Itions. 
Monitoring data from OIHite soD, surface water, pound water aamplin&, llld air IDOilitoriD& data 
were used for most OJHite exposure points. Off-site aamplin& data that was collected included 
surface water samples collected from the JCassler area, tbe South Platte River, and tbe Last Chance 
Ditch. Geometric mean IDd ma:dmum values were used to evaluaae the averace IDd plausible 
maximum exposures, respectively. 
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1be miJI'Ilion of contaminants in JfOUDd water was modelled from seven major source areas 
wazmine linear adsorption. ContamiNnt CODCentrltioDs were estimated by modelling for off-site 

exposure points llld for some JI'OUDd water poims on-site. For modelling purposes, the two ground 

water emaction and treatment systems currently operatinJ were assumed to not be in operation. 
Orcanic compounds were primarily assumed to move at the linear velocity of water while retardation 

coefficients were used to model the movement of inorganic compounds IDd metals. 

'Ibe volatilization of chemicals from surface water was modelled assuming exponential decay 
of concentrations. 'Ibe volatile organic ttaDSfer coefficient was estimated to be 0.4 based on-site
specific data. Volatilization of contaminants from soil was predicted based on chemical-specific 
vapor pressure IDdlor Henry's Law constants. Emissions factors IDd 1 simple box model were used 
to estimate contaminant concemrations in air as a result of soil-1:1isturbing activities such as 

construction. 

Concentrations of chemicals in the Chatfield Reservoir were estimated based on predicted 

concentrations in the South Platte River multiplied by 0.85 to account for the contribution of other 
sources to the reservoir. River concentrations were based on the estimated location where all 
chemical contaminanu from the site would have discharged. 

Contaminant concentrations in venison were estimated using modified transfer coefficients for 
uptake of chemicals in beef cattle. Bioconcentration factors in fish were based on literature values or 
were estimated if not in the published literature. 

For a complete account of data IDd assumptions used, the PHE should be consulted (CAl, 
1990). 

5.2.4 Assumptions of Exposure Frequency and Duration 

The assumptions reaarding exposure frequency and duration for the various pathways 
evaluated are presented in Table 5-1 of this report. 

5.3 CURRENT AND FUI'URE USE SCENARIOS 

5.3.1 Assumptions 

'Ibe baseline risk assessment relied primarily on staDdard usumptions of exposure available 

in the Exposure Factors Handbook (1988). Assumptions concerning average body weight. 
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Assumptions of Exposure F~ueDCJ aDd Duration Used 
ror BaseDne Risk Assessment o MMAG Site Contaminants 

Exposure Frequency Exposure Duration 

Plausible Plausible 
Exposed Population Routes of Exposure Average Maximum Average Maximum 

Qlrrent Candi,iam 
Deer hunters Ingestion of venison 3 4 9yr 30 yr 

times/wt times/wt 

Persons fishing in Ingestion of fish Daily~"' Daily 9yr 30 yr 
river or ponds nearby 

Domestic water users Ingestion of Water Daily Daily 9~ 30 yr 

JDbalation during showering Daily Daily 9yr 30 yr 

FutuB ~Ddi 'm 

On-site MMAG Dermal contact with soil 180 dlyr 180 d/yr 1yr 3yr 
workers 

Incidental ingestion of soil 180 dlyr 180 d/yr lyr 3yr 

180 dJyr 180 dlyr lyr 3yr 

On-site construction Dermal contact with soil 30d 30d 6wk 6wk 
workers 

Jncidental ingestion of soil 30d 30d 6wk 6wk 

IDhalation of coJJtaminants 30d 30d 6wk 6wk 
in soil 

Future residems Dermal contact with soil 10 dlyr 200 d/yr 9yr 30 yr 

IDcidemal ingestion of soil 10 dlyr 200 dlyr 9yr 30yr 

Dermal contact with surface 7dl~ 7 dlyr 9yr IS yr 
water 

Use of on-site ground water Daily Daily 9yr 30 yr 
(mgestion llld iDhalation) 

Use of on-site sumce water Daily Daily 9yr 30 yr 
(mgestion IDd inhalation) 
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TABLE 5-l. 

Assumpdoas of EKposure Frequency and Dundon Used for 
Baseline Risk Assessment or MMAG Site Contaminants (Concluded) 

Exposure Frequency Exposure Duration 

Plausible Plausible 
Exposed Population Routes of Exposure Average Maximum Average Maximum 

Future residents (cont.) Use of off-site ground water Daily 
(ingestion and inhalation) 

Daily 9yr 30 yr 

Use of off-site surface water Daily 
(ingestion and inhalation) 

Daily 9yr 30 yr 

Use of Kassler underground Daily 
storage tank water 

Daily 9yr 30 yr 

Ingestion of fish with 
Kassler system operating 

Daily"l Daily 9yr 30 yr 

111 Daily consumption of fish was assumed because the consumption rate was based on an annual average 
divided by the number of days in a year .. 

• , For non-carcinogens only the 9 year case resulted in the greatest calculated exposure, so it was 
considered the plausible maximum case and the 30 year case was considered the average case . 

.., For inhalation, exposure was assumed to occur for 4 hours per day for each of the 180 days per year 

.., For children wading in on-site streams, exposure was assumed to last for 2.6 hours per day from ages 3 
through 12 or 3 through 18. 
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coDSUJDption rates for water IDd fish, sboweriJs& times, inhalation rates, rates of incidental ingestion 
of aoil, body surface 11'18, aver~~e lifetime, time spem awimmq or wa&UD~. and resideuce duration 
were all based on clara from the hmdbook. Other published litentture or professional judgement 
were used when data were DOt available in the handbook. The PHE presents the assumptions used 
for exposure in Chapter S and in Appendix C (CAl. 1990). 

5.3.2 Current Use Scenario 

The exposed populations considered in the current use scenario are listed in Table S-1. 

Access to the site is restricted under current coDditions. 

5.3.3 Future Use Scenario 

The exposed populations considered in dle future use sceuario are listed in Table S-1. 
Currently unused portions of the site are assumed to be storap areas resulting in employee exposure 
to high contamination. An alternative assumption included the site being developed for residential 
use, exposing construction workers to subsurface soils and residents to contaminated media. The 
Kassler system was assumed to resume opeiation in order to evaluate its effect on contaminants 

reaching the South Platte River. 

5.4 TOXICITY ASSESSMENT INFORMATION 

5.4.1 Slope Factors 

Slope factors {SF) have been developed by the EPA Carcinogenic Assessment Group (CAG) 

for estimating excess lifetime cancer risks associated with exposure to potentially carcinogenic 
chemicals. SFs, which are expressed in uni1s of (mglq/day)"1

, are multiplied by the estimated intake 
of a potential carcinogen, in mgftJ/day, to provide an upper bound estimate of the excess lifetime 
cancer risk associated with exposure at that intake level. The term •upper bound• reflects the 

conservative estimate of risks calculated from the SF. Use of this approach mates underestimating 

the accual cancer risk highly unlikely. SFs are derived from the results of human epidemiological 
studies or chronic animal bioassays to which animal-to-human extrapolation and uncertainty factors 
have been applied. SFs for the major contaminants at the MMAG site are presented in Table 5-2. 
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TABLE 5-l. 

SLOPE FACI'ORSw USED IN 11IE BASELINE RISX ASSESSMENT FOR MMAG SITE 

Chemical 

Benzene 

1, 1 - Dichloroetbane 

1,1 - Dichloroetbylene 

Methylene chloride 

N- nitrosodimetbylamine 

Polychlorinated bipbeyls 

Polycyclic aromatic hydrocarbons 

T etrachloroetbylene 

Trichloroethylene 

Unsymmetrical dimetbylbydrazine 

Vinyl chloride 

Cadmium 

Chromium, hexavalent 

Lead 

Slope Factor (mglkg/day)"1 

.Q[al Inhalation 

0.029 

0.091 

0.6 

0.0075 

51 

7.7 

11.5 

0.051 

0.011 

1.88 

2.3 

0.029 

1.2 

0.014 

51 

7.7 

6.1 

0.0033 

0.0046 

0.295 

6.1 

41 

Weipt-of-Evidence 
Classification"'1 

A 

B2 

c 
B2 

B2 

B2 

B2 

B2 

B2 

B2 

A 

B1 

A 

B2 

411 Slope factors are only presemed for contaminants classified as to carciDogenicity, and that 
contributed si,nificantJy to MMAG site contamination as determined by the following criteria: 
concentration exceeded a Federal Standard aDd/or the contaminant contributed to a cancer risk of 
> 1 x 1~ or hazard index > 1 in the MMAG baseline risk assessment. The complete list of 
slope factors for chemicals of potential concern can be found in Tables 3-1 IDd 3-2 in the PHE 
(CAl, 1990). 

•> Weight-of-Evidence Classes are as follows: 
A • Human Carcinogen, sufficient evidence from human epidemiololic studies 
B 1 = Probable Human Carcinogen, limited human ~ence IDd adequate animal evidence 
B2 = Probable Human Carcinogen, inadequate human evidence and adequate animal evidence 
C -= Possible Human Carcinogen, limited animal evidence in the absence of human evidence 
D = Not classified as to human carcinogenicity 
E • Evidence of DOncarciDOgenicity 
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5.4.2 Reference Dole 

Reference doses (RfDs) have been developed by EPA to indicate the poteDtial for adverse 

health effects from exposure to chemicals exhibitin& noncarcinogenic effects. RfDs, which are 

expressed in units of mglq/day, are estimates of lifetime daily exposure levels for humans, 

including sensitive individuals. Estimated intakes of chemicals from environmental media (such as 
the amount of a chemical in&ested from c:ontamiDated driDtiD& water) can be compared to the RID. 
RfDs are derived from human epidemiolo&ical studies or animal studies to which unc:ertainty factors 

have been applied (that is, to account for dle UJe of animal data to predict effects on humans). 

These uncertainty factors help ensure that the RfDs will not UDderestimate the potential for adverse 
noncarcinogenic effects to occur. RIDs for the major contaminants at the MMAG site are presented 

in Table 5·3. 

5.4.3 Explanation or Toxidty Information 

'Ibe SFs and RfDs were used to quantitatively characterize the health risk associated with the 
contaminants of concern. EumiDation of Tables S-2 and 5·3 reveals that SFs vary by up to 4 orders 
of magnitude (a factor of 10,000) and that RfDs also vary substantially. A large SF indicates that a 

low exposure or intake produced carcinogenic effects in dle stUdy or stUdies used to determine the SF 
and/or that the uncertainty assocWed with the carcinogenicity of the chemical is hip. A small SF 
indicates that at low exposures or intakes the carcinogenic effects were low and/or that the 

uncenainty is low. For RIDs, the lower the. RID the greater the potential for adverse effects at low 

intakes and/or the bieber the uncertainty associated with the RfD. Generally, hi&b SFs and low 

RfDs are associated with chemicals that have shown a hieb potemial for carcinogenic or other 

adverse effects, at least in animal studies. As an example, the RfD for TCE is relatively low 

indicating a high potential for adverse effects to be associated with exposure to this contaminant. 

However, the SF for vinyl chloride, a transformation product of TCE, is much bieber than the SF 

for TCE, indicating that at similar exposures there may be a hipcr poteatial for carcinogenic effects 
to occur from vinyl chloride than from TCE~ 

Qualitative information reprdinz the types of toxicity or carciDoaemcity of the 53 

compoUDds of concern were provided in toxicity profiles preseuted in Appendix B of the PHE. 

5.5 RISK CHARACTERIZATION INFORMATION 

Risk was characterized for carcinoaenic and noncarcinoaenic effects that could potentially 

result from exposure to chemical contaminants detected on the MMAG site. 
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REFERENCE DOSESw tJSED IN THE BASELINE RISK ASSESSMENT FOR MMAG SITE 

Chemical Reference Dose (mgltg/day) 

Qial IDbalasian 

1,1 - Dicbloroethane 0.1 0.1 

1,1 - Dicbloroethylene 0.009 

Methylene chloride 0.06 

Polycyclic aromatic hydrocarbons 0.4 

Tetrachloroethylene 0.01 

1,2,4 - Trichlorobenzene 0.02 0.003 

1,1,1 - Trichloroethane 0.09 0.3 

Trichloroethylene 0.00735 

Ammonia 0.97 0.36 

Cadmium 0.001 

Chromium, hexavalent 0.005 

Chromium, trivalent· 1 

Copper 0.037 0.01 

Lead 0.0006 

~ Only chemicals with established reference doses and wbich meet the following criteria are 
preSented: concentration on MMAG site exceeded a Federal Standard or the contaminant 
contributed to a cancer risk of > 1 X ur or a hazard index > 1 in the MMAG baseline risk 
assessment. 
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5.5.1 Quantified CardDoaenic ll1lkl for Each Cantambumt of Concern In Eacb Pathway 

Excess lifetime cancer risks are determined by multiplyinr the iDtake level widJ tbe cancer 
slope factor. These riSks are probabilities that are generally expressed in scientific aotation (that is, 

1 x ltr). AD excess lifetime cancer risk of 1 x 10" iDdicates that., u a plausible upper bound, an 
individual has a one in one million chance of developing cancer u a result of site-related exposure to 

a carcinogen over a 70-year lifetime under the specific exposure coDditioas at a site. 

The carciDo,Wc risk usociated with each of the 53 chemical com:aminams of concern for 

each pathway aDd exposure point is presented in Tables E-1 through E-66 of the PHE (CAl, 1990). 

Table S-4 presents a summary of risk information for 14 of the chemicals of concern. Each of the 
chemicals in Table S-4 meets the followin& criteria for inclusion: 

• The c:hemical.has been classified by EPA as a mown or suspected carcinogen 

• The chemical was described iD the PHE as contributing to a cancer risk of greater 
thaD or equal to 1 x 10" for at least one exposure pathway. 

• The concentration of the chemical exceeded a Federal standard (such as a the MCL 
for drinking water) in at least one sampling location at the MMAG 

5.5.2 Combined Carcinogenic Etrects 

The combined risk for exposure to all of the chemicals of concern for 1 particular pathway 
IDd exposure point are ,Wen in Tables 8-1 to 8-4 ofdle PHE (pp. 8-6 to 8-17, ~ 1990). 

The only exposure pathway coasidered for current land use coDditioas dlat is associated with 
1 risk Jreater than 1 x 10" according to the assumptioas used in the PHE is domestic use of water 
from the Chatfield Reservoir, but only for the plausible maximum intake case. 1be estimated 

average intake results iD 1 risk of S x ta'. Modelling estimates rather tban measured data were used 

for calculating these risks. No direct on-site exposures were coasidered probable. 

When future land use coDditions were considered, however, on-site exposures dlrougb direct 
contact widJ or inhalation of contaminants in soil resulted in dle plausible maximum intake producing 

1 cancer risk of lfeate:r' than l x 10" iD 4 out of 6 scenarios. ID only ooe of these scenarios did tbe 

risk associated with the estimated averqe intake also exceed 1 x 1 0". ID all S eases dle risk was 
within the range of 1 x 10" and 7 x 10"', or oae iD one million to aeven in ooe huDdred thousand. 

Direct contact widJ surface water was DOt assoc:iat~ with I risk erearer than 7 X 1~ for even the 

maximum detected coneentratioas of chemicals iD surface water on-site. Except for the inhalation 
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TABLE S..C 

Contributioa ,.r lndiYidual Chemicals to Canar Risk 2,. 1 ::1 10" at 
Exposure Points for the MMAG Site 

Ma:dnmm Number of 
calculated ~e 
risk from pollltS Routes IDd pathways of 
MMAG site where risk exposure associated with 

Chemical contamin.ation ~ 1 X 10" ~ 1 X 10" risk 

Benzene s x ur' s Future domestic use of ground water on-
site~' 
Future domestic use of ground water off-
site .. ' 

1, 1-Dic:hloroethane 2 X 10"' 16 Future domestic use of ground water on-
site~' 
Future domestic use of surface water on-
site 
Future domestic use of ground water off-
site(c' 

1,1-Dic:hloroethylene 2 X 10"1 32 Future domestic use of ground water on-
site-
Future domestic use of surface water on-
site 
Future domestic use of ground water off-
site(c' 

Methylene c:hloride 3 X 10"2 18 Future inhalation of chemicals by workers 
from on-site surface soils"'' 
Future inhalation of chemicals by workers 
from on-site surface subsoils'•' 
Future domestic use of ground water on-
site 
Future domestic use of surface water on-
site 
Future domestic use of ground water off-
site'"' 

N-Nitrosodimethylamine 1 X 10"1 20 Currem domestic use of Chatfield 
Reservoir Waterlel 
Future domestic use of ground water on-
site 
Future domestic use of JfOund water off-
site.., 
Future domestic use of Kassler storage 
tank~ 

Polyc:hlorinated biphenyls 1 x ur 3 Future direct contact by workers with 
subsurface soils on-site 
Future direct contact by residents with 
surface som on-site 
Future domestic use of ground water 
on-site 
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TABLEW 

Contribution of IDdl'fldual Cbemlc:all to ea.. Risk ~ 1 s ur• at 
Exposure Points for tbe MMAG Site (Concluded) 

Chemical 

Polycyclic Aromatic 
Hydrocarbons 

Tettachloroethylene 

Trichloroethylene 

Unsymmetrical 
Dimethyl hydraziDe 

Vinyl chloride 

Cadmium 
Chromium, hexavalent 
Lead 

MuiniDI Number of 
calculated ex~ 
risk &om polDts 
MMAG Site where risk 
contamination ~ 1 x 10" 

2 X 10"5 

7 X 10"' 

1 X 10"1 

4 X 10"' 

8 X 10" 

None 
None 
None 

2 

s 

40 

8 

10 

None 
None 
None 

Routes aad padJways of 
exposure associated with 
~ 1 X 10" risk 

Future direct contact by workers with 
subsurface soils on-site 

Future iDhalation of chemicals from 
subsurface soils by workers on-siteee1 

Future direct c:oatact with subsurface soils 
by workers on-site 
Future inhalation of chemicals in 
subsurface soils by workers on-siteee1 

Future domestic use of Jf'OUDd water on
site~ 
Future domestic use of ground water off
site• 

Future direct coDtaa with subsurface soils 
by workers on-site 
Future iDhalation of chemicals in 
subsurface soils by workers on-site'"' 
Future domestic use of ground water on
site .. 
Future domestic: use of surface water on
site 
Future domestic use of ground water off
site'"' 

Future domestic use of ground water on
site .. 

Future domestic use of ground water on
site.,. 
Future domestic use of surface water on
site 
Future domestic use of ground water off
site• 

U.a... Cllblrwi.a ....S,--- IDMI....._ol_ta..._,_ .... ID ......... ML 

GI'OUIId _..., "- ...W.. lllllllledluct- c.I=IMed. N.....S __....,., ol coe-·•• ill aiJarlillllftiUIIII-- ...S to 
cUcWu8 rilt, ~ .-.w.,--- or ........... cosa------~ ,. .. rilt m. '*'"'" JftiiiDd waw . ...... ~ ....... ...., ... __... .... . 
1'111 iDaqulic _... Cl4laium, cluCIUiiwlllld IIICI ..,. nponld 1D UC..S flllenl wm.. ,._....,. Lnellill _... JI'OUDd Wlllf, 
llul ., ..a-&ld --or riab- ,_-far.._ ...U ill~ E of 1M PHE (CAl. 1990). 
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pathway, these risks were calculated usiq measured conceatratioas of c:outamiDants. Concentratioas 

of soil comaminants in air were estimated by computer modelliqas described previously. 

The use of around water on-site for domestic purposes including iqestion and showering 

would be associated with relatively high cancer risks depending on the exposure point. At 11 out of 

14 on-site exposure points (80 percent), domestic use of the around water would be associated with 

an upper-bound cancer risk areater than 1 x to-- (greater than 1 in tO,OOO) for both the estimated 

average intake and plausible maximum intake. Five of the exposure points where the calculated risk 

was areater than or equal to 1 x to-- were alluvial around water; 6 were around water points 
associated with bedrock formatioas. Concentratioas in alluvial around water were measured, while 

contaminant concentrations in around water associated with bedrock formations were based on 
modelling estimates. The upperbound cancer risk associated with domestic use of ground water 

ranged from a low of 1 in 100,000 (1 x 10"~ to a high of 1 in 10 (1 x 10"1
). At S of the 14 

exposure points (36 percent), the upper-bound cancer risk associated ~ith domestic use of ground 

water was estimated to be areater than 1 in 1,000 (1 x 10"'); 3 of these points were alluvial ground 

water points and 2 were around water points associated with bedrock formations. 

The domestic use of surface Water on-site was associated with a lower cancer risk that ranged 
from a low of 3 x to-- for dle aver~~e intake at one surDce water exposure point to 7 x 105 for the 

plausible maximum at anomer sur&ce water location based on measured data. 

Domestic use of around water off-site, was calculated using modelling estimates of site

boundary concentrations. Off-site around water use was associated with an upper-bound cancer risk 

that ranged from 9 in 100,000 for the average case from a Brush Creek well to 8 in 1,000 for the 
plausible maximum case from a Filter Gulch well. The average and plausible maximum cases 

differed by about one order of magnitude (a factor of 10). Off-site surface water taken from Brush 

Creek, if used domestically, would be associated with a 3 in tOO,OOO (averqe case) to 1 in 10,000 

(plausible maximum case) upper bound-cancer risk based on modelling estimates of contaminant 
concentrations. 

If the Kassler system were to be put back in operation and water were supplied from the 

Kassler underground storage tank without beiq treated, the risk would be Jimilar to current use of 
the Chatfield Reservoir for both the average and plausible maximum intakes (6 x 10"1 to 3 x let) 
according to modelling estimates. 
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5.5.3 Noncarclnopnic Elredl for Eacb Contaminant In Eacb Pathway 

The relative potential for DOncarciDogenic effedS to result from exposure to a single 
contaminant in 1 single medium is expressed IS dle hazard quotient (HQ) (dlat is, dle ratio of the 

estimated intake derived from dle comaminant concemration in 1 ,tva medium to tbe contaminant's 

RfD). When the HQ exceeds l, dle estimated intake exceeds the RfD. The potential for adverse 

effects to occur increases IS the HQ increases above 1. By addin& dle HQ's for all contaminants 

within 1 medium or across all media to wbicb 1 &iva population may reasonably be exposed, dle 

Hazard IDdex (HI) can be JeDerated. The HI provides a useful refermce point for puainJ the 
poteDtial significance of multiple c:onwninant exposures widliD 1 single medium or across media. 

The HQs for all contaminants of concern for each pathway and exposure poiDt are presented 

in Tables E-1 throup E-«; of the PHE (CAl, 1990). In Table S-S that follows, dle noncarcinogenic 

hazard information is briefly summarized for 12 contaminam:s of con~ tbat were described in the 

PHE as contributing to an HI ·of p-eater dlan 1 for at least one pathway and location. 

5.5.4 Combined Noncarcinogenic Effects 

The His for the combined exposure to dle contaminants of CODCerD for each exposure 

pathway and exposure point are presented in Tables 8-1 tbrouJb 8-4 of dle PHE (pp. 8~ through o-
17, CAl, 1990). No current exposures are estimated to result iD an HI that exceeds 1. No direct 
on-site exposures were considered probable under current conditions. 

Direct contact widl or iDhalation of contaminants from subsurface soils on-site in dle future 

were predicted to result in an HI of approximately 6. No odler direct contaCt or inhalation exposures 

were predicted to be associated with an HI greater than 1. The iDhalation pathway was evaluated 

using modellinJ estimates, rather than measured data. 

The domestic use of ground water on-site was assocWed with an HI pater than or equaJ to 

1 at 13 out of 14 exposure points (93 percent} for tbe averqe case. The averqe intake resulted in 

an HI that I'IDJed from 0.5 to 400 and dle His for dle pl1111ible maximum iDtate I'IDJed from 2 to 

800 for Ill 14 exposure points. 1be exposure poims were divided between BllluviaJ pound water 

points, wbicb were ICblally sampled, IDd 6 bedrock JI'OUDd water poiDts were coJJWDinant 

concentrations were based on modelling estimates. Two out of sevm on-site exposure poiDts where 

surface water was sampled would be associated with an HI greater than 1 but less than S, if the 

water was used domestically. 
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TABLE 5-5 
Contribution or Individual Chemicals to Hazard Index (ID) > 1 at 

Exposure Points for the MMAG Site 

Maximum 
calculated Number of 
hazard ~sure 
quotient from pomts Routes and p~::r of 
MMAG site where HI exposure ISSOCI 

Chemical contamination exceeds 1 with HI > 1•, 

1, 1-Dichlo(Oetbane 2 Future domestic use of ground water on-
siteM 

1, 1-Dichloroetbylene 180 s Future domestic use of ground water on-
site"'1 

Future domestic use of ground water off-
site"', 

Methylene chloride 87 4 Future domestic use of ground water on-
site"',_ 

Tetrachloroethylene 210 2 Future domestic use of ground water on-
site"'1 

1 ,2,4-Trichlorobenzene 15 3 Future inhalation by workers of chemicals 
in subsurface soils on-siteuJ 
Future domestic use of ground water on-
site"'1 

Trichloroethane 95 11 Future domestic use of ground water on-
aite011 

Future domestic use of ground water off-
site• 

Trichloroethylene 6300 18 Future direct contact with subsurface soils 
by workers on-site"'1 

Future use of ground water on-site 
Future domestic use of surface water on-
site"', 
Future use of ground water off-site~c1 

Ammonia 2 Future domestic use of ground water on-
site"' 
Future domestic use of surface water on-
site 

Cadmium 1.2 1 Future domestic use of lfOUnd water on-
aite"' 
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Chemical 

Chromium 

Copper 

TABLE 5-5 

Contribution of Indi.tdual Chemicals to Hazard lnda (ID) > 1 at 
Exposure Points for the MMAG Site (Concluded) 

Maximwn 
calculated 
hazard 
quotient from 
MMAG site 
coutaminarion 

3 

110 

Number of 
exposure 
points 
where HI 
exceeds 1 

1 

s 

Routes and pathways of 
exposure associated 
with HI > 1 

Future domestic use of eround water on
site~~>~ 
Future domestic use of surface water on
site 

Future domestic use of ground water off
site101 

Future domestic use of ground water on
siteM 

Future direct contact with subsurface soils 
by workers on-site 
Future domestic use of lfOund water on
site~'~ 
Future domestic use of surface water on
site 

Unless otherwise DOted, measured concentrations of contaminants were used to calculate the HI. 

Ground water from all alluvia and bedrock formations was evaluated. Measured concentrations of 
cout.aminants in alluvial ground water were used to calculate the HI, while modelling estimates of 
contaminant conceuttatioas were used to calculate the HI associated with water in bedrock. 

Based on modelling estimates rather than measured data. 

The HI reported were listed only as •chromium• but the reference dose used was for hexavalent 
chromium. 
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Based on modelling results for off-site JfOUDd water eXposure points, two out of three 

locations would be associated with an HI raDJing from 10 (averqe case) 10 70 (plausible maximum 

case). The third point would be associated with and HI of 0.810 3. Off-site surface water locations 
and the Kassler underground storaJe tank water were associated with His less than 1 according to 

modelling estimates. 

5.5.5 Sources of Unc:ertainty 

Significant sources of uncertainty for any risk assessment include the following: 

• Sampling data may be biased by technical or analytical limitations and models used to 
estimate concentrations at unsampled locations require many assumptions that may not 
exactly represent site characteristics. 

• Toxicity values such as SFs and RfDs may be based on srudies that require 
extrapolation from results of animal studies to effects in humans, extrapolation of 
high~ose exposures to much lower environmemal expOsures, and results from 
homogenous animal populations to variable human populations with a wide range of 
sensitivities. 

• Exposure assumptions used to calculate intakes may over- or underestimate actual 
exposures for my one individual. 

Therefore, conservative assumptions are used in risk assessment so that the c:alculated risk will more 
likely overestimate the rist thm under estimate the rist. 

Uncertainties that are specific 10 this risk assessment include the folJowing: 

• All off-site and some on-site concentrations were based on modelled rather than 
measured data 

• No decay or transformation of contaminants with time and transpon were included in 
modelling assumptions. 

The last point may be particularly important at the MMAG site because concentrations of two 

contaminants, vinyl chloride and NOMA, are DOt mown 10 have been used on the site but that are 

known to be transformation produc:u of site contaminants shown in the risk assessment to contribute 
significantly to the calculated cancer risks. 
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Olemical c:onwninarion at tbe MMAG site is widespread in soiL aDd JfOUDd water. Fifty
three comaminams of coacem were identified in site soils, ground water, and surface water. 

EPA has established a risk raage of 1 X ur to 1 X 1 0" as generally acceptable exposure 

levels for hazardous waste sites. Calculated cancer risks for the MMAG site exceeded the target 

raage by 1 to 3 orders of mqaitude (tbal is, 10 to 100 times) at betweeD 40 perc:eat and 70 percent 

of ground water exposure poiDts located botb on- and off-site, depending on whether average intake 

or plausible maximum intake assumptions were used, respectively. A hazard index of 1 was 
exceeded at 90 perc:eat of pound water locations for the ave:rqe case, indicating the need for 

concern regarding the potential for noncarcinogenic adverse health effects to occur if ground water 

were to be used domestically. Risks calculated from estimated exposures to ground water on-site 
were similar whether comaminll11t coDCeDtrations were directly measur~ or based on modelling 
estimates. The primary risk is associated with the chemicals listed in Tables 5-4 and 5-5. 

Based upon modelinl date, the plausible maximum intake estimated for the current use of 
Chatfield Reservoir water results iD aD upper bound cancer risk slightly p-ealer than 1 X Hr as a 

result of NDMA comamination. This estimate of risk is based upon modeled or predicted 

concentrations, not measured values. This CODtamiDaDt is a stable U"aDSformatiOD product of 
unsymmetrical dimethyl hydraziDe that was a chemical of conc:era in groUDd water on-site. 
Concentrations of vinyl chloride may increase significantly with time because it is a transformation 

product of various cbloriDated solvents iDcludiDg TCE and tcttacbloroethyleae that are the major 
contaminants on the site. Risks associated with these compounds will also increase with time, if 

concentrations increase. Both vinyl chloride and NDMA are associated with SFs at least 10 times 

higher than the compounds from which they are formed. 

5.6 ENVIRONMENTAL RISKS 

Risks to aquatic life were partially evaluated by comparing c::omaminant concentrations with 

Federal and State of Colorado standards. CoDCellttations of silver, chromium, cyanide, aluminum, 

and fluoride exceed either federal Ambient Water Quality Criteria or a Colorado standard for surface 
water in Brush Creek on the site. The locations are primarDy iDtennitteDt streams. Chemical 

concentrations in the South Platte River are DOt estimated to exceed aoy Federal or State criteria. 

Sediments and surface water sampling indicated that coDtamiDants are not being U'aDSponed off site at 

significant concentrations and are not expected to impact aquatic life in the South Platte River. 
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5.6.1 Critical Habitats 

'Ibe brief qualitative evaluation performed did DOt identify any critical habitats or effects on 

critical habitats either on- or off-site. 

5.6.2 Endangered or 'lbreatened Species 

'Ibe brief qualitative evaluation performed identified one bald eagle nesting ~ a 3-mile 

radius and one rare plant that may occur on-site. No effects of site contamination on either species 

was projected. 

ti.O DESCRIPJ'ION OF ALTERNATIVES 

Remedial action alternatives in the feasibility study (FS) report were evaluated in accordance 

with the Comprdlensive Environmental Response, Compensation, and Liability Act, as amended by 

the Superfwxl Amendments and Reauthorization Act. and the National Contingency Plan. Prior to 

evaluating remedial action alternatives. several preliminary evaluations occurred. Remedial action 

objectives were identified o~ the basis of the site characterization results. Response actions and 

associated teclmolo&ies were considered and screened. 'Ibe technology screening activities were 

based on relative effectiveness, implementabUity, and cost. 

Prelimmary remedial action altematives were developed from the remaining technology 

process options. Alternatives were developed ranging from those eliminating the need for long-term 

management, to alternatives involving treatment that would permanently reduce the mobility, toxicity, 

or volume of the hazardous substances as their principal element. Containment options were also 

developed. During the preliminary remedial action alternatives analysis, several potential options 

were dropped. 

Eipt alternatives for soil remediation and four alternatives for ground water were developed 

in the FS (Eder. 1990). Upon completion oftbe initial screenin& phase of the FS, the number of 

soil alternatives was reduced to six for detailed malysis. 'Ibe four pound water alternatives were 

also retaiDed in the decaiJed analysis. Each of the retained alternatives is described in this section. 

Remedial action objectives developed for the site are desiped to address the principal threat 

and reduce the risks posed by potential health threm ISSOCiated with the pound water. 'Ibe 

remedial action objectives are as follows (clean up goals are described more fully in Section 8.0): 

llE:Oll.coiOOl'-nia\nMUS-99 
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1. Reduce tbe threat posed by the IDactive Site conbtmination releases to tbe 
euvironment which impact JrOUDd water and IUn'OUDdiD& soil and soil contamination 
ISIOCiated with tbe Chemical StotaJe Tanks. 

2. Restore the p1)1IDd water to its beneficial uses by reduciq contaminant levels to 
within acceptable staDdards for drinkiD& water. 

There are five soil alternatives from S-1 through S-5, IDd four JI'OUDd·water alternatives 
GW -1 to GW -4, presented below. In-situ soil vapor extraCtion will not be discussed as a separate 
alternative because it was developed solely to address contamination in the Chemical Storage Tanks 
area. It is a componem of all the soil alternatives, excludin& no action. 

SOn. ALTERNA11VES: 

S-1: 

S-2: 

S-3: 

S-4: 

S-S: 

No Action 

Dewater/RCRA Cap/In-situ Soil Vapor Extraction 

Dewater/Off-site Incineration and Disposal of Waste/Ex-situ 
Stabilization of Backfill and Alluvium/RCRA Cap/In-situ Soil Vapor 
E.xtraction 

Dewater/OD-site Incineration of Backfill, Alluvium, and Waste/Off
site Disposal of Incinerated Waste/Ex-situ Stabilization of Incinerated 
Bactfill and Alluvium/RCRA Cap/In-situ Soil Vapor Extraction 

Dewater/Off-site Incineration IDd Disposal of Wastei'Ibermal 
Extraction of Backfill and Alluvium/Ex-situ Stabilization of Backfill 
and AlJuviumiRCRA Cap/In-situ Soil Vapor Extraction 

GROUND WATER ALTERNATIVES: 

GW-1 No Action 

GW-2 Continued Operation of the Existin& Recovery Well Systemfl'reatment 
by Air Strippin&, Carbon Adsorption, and Ion Exchange/Discharge to 
Brush Creek 

GW-3 Continued Operation of the Existing Recovery Well System/ 
lnsta.. .ation of Additional Recovery Well System in Filter Gulch and 
Dry Gulch Upgradient from the Existing Recovery Well Systems/ 
Treatment by Air Stripping, Carbon Adsorption, Ion Exchange, 
IDillor UV Photolysis:cmaationiDischarJe to Brush Creek 

GW-4 Coatillued Operation of the Exisring Recovery Well SystemS/ 
Installation of Additional Recovery Well Systems in Filter Gulch and 
Dry Gulch Upgndient from tbe Existing Recovery Well Systems/ 
Addition of a Recovery Well S~ in tbe M3 Area/Treatment by 
Chemical Reduction, Precipitation, Clarification, Air Stripping, 
Carbon Adsorption, Ion Exchange, IDillor UV Photolysis-Oxidation/ 
Dischar&e to Brush Creek 

RE:Ol2~\manill\rad45·99 
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6.1 ALTERNATIVE 5-l: NO ACTION 

In accordance with Section 300.430(e) (6) of the NCP, the no action alternative must be 
considered in the FS. No action also serves as a baseline for comparison of other soil alternatives. 

No contaminants or contaminated media are removed or treated by the no action alternative, although 

natural attenuation processes are likely to occur. 

No action, as it pertains to the Inactive Site and the Chemical Storage Tank areas, means that 

no activities intended to protect human health and the environment, including any remediation, would 

be taken. Contaminant migration from the Inactive Site aDd the Chemical Storage Tank areas would 

continue unrestricted. 

Ground water monitoring would be conducted to track contaminant migration. No soil 

samples would be collected from either area. There would be no measures to prevent human 

exposure to contamination. A review of the threat to public health and the environment would be 

conducted at least every S years. 

6.2 ALTERNATIVE 5-l: DEWATERIRCRA CAP/IN-SITU SOIL VAPOR EXTRAcriON 

'lbe objectives of Alternative S-2 would be to reduce the poteutial for direct human contact 

with the Inactive Site soils, reduce infiltration of precipitation through the Inactive site ponds, 

remove perched water from the ponds, and remove volatile organic contaminants (VOCs) from the 

Chemical Storage Tank area. No treatment of waste, bacl:fill, or contaminated alluvium would occur 

at the Inactive Site. 

The area covering the Inactive Site IDd the area adjaceat to it would be regraded to divert 

storm water run-on and enhance storm water nm-off. The Inactive Site ponds are located on a 

topographic high; therefore, storm water flow would be diverted into the East Branch of Brush Creek 

drainage for flow to the north aod the West Brmcb of Brush Creek/Dry Gulch drainage for flow to 

the south. 
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A series of wellpoints would be iDstalled in the perched zones of dle IDactive Site to extract 

water. The water would be tcmpOrariJy &tored iD boldiua taDb IDd either uucked, pumped, or 

JI'IVltY fed to dle MMAG's IWTP. 1be treated water would be disc:harJed iD acc:ordaDce with 

MMAG's .COPDES permit. 1be dewaterine process would take approximately 2 to 3 months to 

complete. 

A multi-layered cap is proposed for covering the IDactive Site area, which includes the five 
ponds IDd the area adjaceat to die ponds. The cap would be sloped to divett s~ flow away 

from the poads. 

Ground water monitorine would be coDducted to monitor contaminant migration. 

The cap would be maintained and DO construaion would occur on or near the cap. Since 

contaminants would remain at the Inactive Site, the site would be monitored and every five years 

EPA would review die remediation to assure that human health aDd the· environment are protected. 

In-situ soil vapor extraction would be used to remove VOCs from the Chemical Storage Tank 
area subsurface soil. A series of extraction wells connected to a vacuum pump would be illstalled in 

and around the Chemical Storage Tank area such that the cones of influence would extend over the 
entire contaminated area. A series of injection wells connected to a blower or vacuum pump would 

be placed in and arouDd die Chemical Storage Tank area aDd used to induce air flow through the soil 

to strip and volatilize the VOCs into the air stream. Subsurface air, VOC vapors, aDd water vapors 

would migrate toward the vacuum extraction wells and be removed for colleaion and treatment. 

Approximately 1.3 million pllons of perched water within the ponds would be removed, 

treated, and dischqed to Brush Creek. Approximately 2,100 r:y of waste, 9,700 cy of contaminated 

bactfill, and 14,700 r:y of contaJDinated alluvium would be left iD-place. 

Because bodl die IDactive Site llld Olemical Storqe Tank areas are covered, the lnaaive 

Site by soil llld die Chemical Storace Tank area by uphalt, the poteDtial for direct coatact exposure 

to contaminants is low. The iDstallltion of a cap It the Inactive Site would provide added insurance 

that the potential for direct human comact would be minimized. ID-situ soil vapor extraction would 

effectively remove cootaminams from the Chemical Storage Tank area so there would be no concern 

for exposure. Contaminants in die soil may continue to mipe from the lnaaive Site and enter the 

ifOUDd water. However, infiltration is ereat}y reduced aDd contaminant migration is then reduced. 

S3 
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The uncenainty associated with Altenlltive S-2 are the abDity to lower the around Water 

table emoup to avoid iJltersectiDe the contamination below the poDds. 

Alternative S-2 would comply with :R.CllA closure and :R.C:R.A cap requirements for surface 
impoundments aDd landfills. Air emissions from the in-situ soil vapor extraction process would meet 

ambient air quality SWJdards. Perched water would be treated to permit discharge limits before 

being discharged to Brush Creek. 

Alternative S-2 would be implemented in four months. 

6.3 ALTERNATIVE S.3: DEWATERIOFF-srrE INCINERATION AND DISPOSAL OF 
W ASTEIEX-srnJ STABWZATION OF BACKFlLL AND ALLUVIVMIRCRA 
CAPIIN.SITU SOIL VAPOR EXTRACI'ION 

Alternative S-3 would be used to reduce coJJtaminant milfllion from the IDactive Site into the 

around water via removal and/or treatment of both organic and inorganic contaminants. In addition, 

the potential for direct human contact would be minimized by the placement of a cap. The RCRA 

cap would also reduce infiltration, which would enhance the lona·term effectiveness of treatment. At 

the Chemical Storage Tank area, 99" removal of the organic contaminants would be anticipated, 

thereby eliminating the Chemical Storage Tank area as a potential source for ground water 
contamination. 

This al~ve would beJin with the dewatering of the Inactive Site PoDds. After which, 

the cootaminared areas would be excavated and material separated into waste, contaminated soil and 

uncontaminated backfill. Additionally, in-situ soil vapor extraction would be employed at the 

Chemical Storage Tank area to remove organic chemicals. 

A series of wellpoints would be installed in the perched zones of the· Inactive Site to extract 

water. The water would be temporarily stored in holding tanks and either trucked, pumped, or 

gravity fed to MMAG's IWTP. 1be treared water would be discharged in accordance with MMAG's 

COPDES permit. 1be dewaterillg process would take approximately 2 to 3 months to complete. 

Excavation and material segregation would require that three stockpile or staging areas be 

used: one for the cover material, one for the waste, and one for the bactfill and alluvium. The 

waste material would be loaded onto plastic-lined trucks and transponed off-site to a permitted 

incineration and landfill facility. The backfill and alluvium would underJO stabilization. The cover 

material would be replaced back into the excavation once the stabilization process is complete and all 
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stabilized materials have been returned to the ucavation. ('Ibe c:over IDilerial would be 

ucontaminated or c:cmWDs contaminants at levels below the action level.) 

The area c:overiD& IDd adjaceDt co tbe laactive Site would be rqraded co divert storm water 

nm-on and enhance storm water nuH)ft'. The Inactive Site pcmds are located on a topo&nPhic high; 

therefore, flow would be diverted into the East Branch of Brusb Creek draina&e for flow to the north 
aDd into tbe West Branch of Brush Creek/Dry Gulch draina&e for flow to the south. 

A multi-layered cap is proposed for coverina the Inactive Site ara, which includes the five 

ponds and the area adjacent co the poads. The cap would be &loped to divert surface flow away 

from tbe poads. 

Ground water monitoring would be conducted to monitor contaminant migration. 

The cap would be maintained IDd no construction would occur·on or near tbe cap. Since 

contaminants would remain at tbe Inactive Site, tbe site would be reviewed at least every 5 years by 

the EPA to assure that human health md the environment are protected. Periodic S year reviews at 

tbe Chemic:al Storare TIDk _area would not be required since tbe oraanic CODtaminants would be 
removed from the son. 

In-situ son vapor atrac:tion used to remove VOCs from the Chemic:al Storage Tank area 
subsurface soil requires a series of extradioD wells connected co a vacuum pump be installed in and 

around tbe Chemic:al Storqe TIDk area. A series of injection wells connected to a blower or 

vacuum pump would be placed in IDd around the Chemic:al Storage TIDk 1rea and used to induce air 

flow through the soil to strip and wlatDize the VOCs imo tbe air stream. Subsurface air, VOC 
vapors, and water vapors would migrate toward the vacuum extraction wells and be recovered for 

collection aDd treatment. Air emissions would be monitored, IDd additional controls would be 

incorporated as necessary. 

Approximately, 2,100 r::y of waste would be transponed off-site. Approximately 24,400 cy 
of conrmdnated bactfilliDd alluvium would be treated by ex-sicu lllbilization. 1be stabilization 

process incorporates the contaminated soil into a matrix with additives such as Portland cement, 
water, and proprietary compounds to immobilize the c:ontamiunra by cbemicaiJy IDd pbysic:ally 

bindina them in-place. Stabilization is a process tbat can be performed in an open pit. in concrete 

trucks, and in fabricated systems desiped specifically for stabilization. Both stationary and mobile 
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(skid-mounted) systems are available. 'Ibe specific system aDd additives would be chosen during the 

desippbae. 

MMAG performed bench-scale stabilization aDd thermal process treatability studies on 

IDactive Site pond materials. 'Ibe treatability studies are discussed in Section 8.0. 

'Ibe removal of the waste from the ponds and stabilization of the contaminated· backfill and 

alluvium would significantly reduce the impact of the IDactive Site on JfOUIId water contamination. 

'Ibe installation of a R.CRA cap at the Inactive Site would provide added insurance that the potential 

for direct human conta.c:t would be minimiucf. In-situ soil vapor extraction would effectively remove 

contaminants from the Chemical Storage Tank area. Contaminated soil materials would remain on

site but the constituents would be less mobile. 

The uncertainties associated with Alternative S-3 are the ability_ to lower the lfOund water 

table euoup to avoid intersecting the ponds. However, reducing infiltration via a cap and in turn 

lowering the ground water table will be effective to some extent. Another uncertainty is the ability 

to stabilize organic contaminants. During the stabilization operation, the contaminated soils would be 

haDdled several times. FirSt the soil would be excavated, and then stockpiled. It would then 

undergo size reduction, and then proceed through the stabilization process, which often undergoes 

several temperature fluctuations due to ambient air temperatures, process water temperatures, and 

chemical reactions. With each of these activities, some volatilization is likely to occur. 

The transport of waste would comply witb R.CR.A, Department of Transportation, and State 

regulations. Incineration of the waste would be performed at a R.CR.A-permitted incineration facility 

and would meet all requirements including at least a 99.99 percent destruction of organic 

contaminants. Disposal of the treated waste would comply witb R.CR.A standards, including the 

LDRs. Stabilization treatment goals would be based upon LDR. standards using the Toxicity 

Characteristic Leaching Procedure (TCLP). Perched water and wastewaters generated from the 
treatment processes on-site would be treated and discharged according to MMAG's COPDES permit 
requirements. All activities, including in-situ soil vapor extraction, would comply with ambient air 

quality standards. 

Implementation of the Alternative S-3 is estimated to take 18 months. 

U:Oll.a.ool'--'iD\rod4S-99 
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'A ALTERNA11VE 8-4: DEWATERION-SITE INCINERATION OF BACD'ILL, 
ALLVVIUM, AND W AS'I'&'OFF-siTE DISPOSAL OF INCINERATED RESIDUES/ 
EX-sntJ STABILIZA110N OF INCINERATED BACDlLL AND AU..UVIUMIRCRA 
CAPIIN-SITV son. VAPOR EXTRAC110N 

The objective of this altemative is to provide loJII term protection of the JfOUDd water and 

human health by removing and treatin& waste at the Inactive Site Ponds. By destroying the organic 

coDtaminants and stabiliziDJ the iDorpnic CODtaminaDts, additional CODtamiDaDt loading on the 

JrOund water is precluded and poteDtia1 human aposure is effectively eliminated. 

Alternative S-4 iDcorporates dewaterin& of the Inactive ponds, excavation llld on-site 

incineration of waste, backfill, and alluvium from the IDactive Site poDds, off-site disposal of the 

incinerated waste in accordance with LDRs, ex-situ stabilization of the bacldill and alluvium, 

replacement of waste into the excavation, placement of cover material into the excavation, and 

placement of a cap over the Inactive Site. In-situ son vapor extraction would be used for 

corttaminated son 11 the Chemical Storage Tank area. 

Alternative S-4 would be implemented in 3.S to 4 years. 

Dewaterin& would be implememed as described previously. Comrols to collect vapors with 

intearated vacuum systems during excavatioD will be evaluated during the desiJD phase. 

Since excavation would be required for this alternative IDd the waste would be disposed of 

separately at an off-.ite RCRA liDdfill, material JeJre~Uion would be necessary at the Inactive Site. 

It is anticipated that dlree stockpile or stagiD& areas would be necessary. 1be waste material would 

be incinerated in the on-site iDciDerator, allowed to cool, then loaded omo plastic-lined aucks and 

ttansponed to an off-site landfill. The backfill and alluvium would then be iDcinerated after 

excavation, processed tbrouJb stabilization aad retumed to the excavation.. The cover material would 

be replaced bact into the excavation once the stabilization process was complete and all stabilized 

materials would be retUmed to the excavation. 

The area covering aad ldjaceat to the Inactive Site would be feJI'Ided IDd capped as 

described previously iD the other alternatives. 

Ground water moDitoriDJ would be coDduc:ted to monitor contamiDIJit migration. 
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1be cap would be maintained aDd CODSUUction restricted on or near the cap. Since 

CODtiiDiDams would remain It the lllactive Site, tbe aite would be monitored IDd every five years a 
review would be conducted to assure that bumaD haltb and tbe euvironmeDt are protected. 

As described earlier, in-sicu soil vapor euraction would be used to remove VOCs from the 

Chemical Storaee Tank area subsurface soil. 

Because the waste in the lDactive Site ponds is considered a R.CRA Listed Hazardous Waste, 

the waste must be treated to meet the treatmeDt standards established for RCRA Listed Waste, 

particularly FOOl, FOOS, aDd F019. 1be best demonstrated available teclmology (BDAT) for the 

FOOl and FOOS waste is incineration. The BDAT for F019 waste is stabilization. The waste, 
approximately 2,100 cy, would be incinerated on-site. The residues would be allowed to cool, loaded 

onto lined trucks and transponed to an off-site landfill. The Inactive Site contains low levels of the 
F019 or iDorpnic conwninauts. If dle incinerated waste residues did ~t satisfy dle LDR treatment 
standards for F019 (morpnic) wastes, dley would be stabilized prior to land disposal in a RCRA 

Landfill. The incineration residue would be transported to a laadfill for stabilization to avoid 

ttansponing the additional tO to 40 perceDt volume that would be generated if stabilization was 

performed on-site. 

The contaminated backfill and alluvium would be incinerated on-site after all waste was 

removed aDd treated. A rotary kiln process is proposed for incineration. Rotary kiln incinerators 
are dle most widespread, most proven, IDd most readily IVIilable of dle incineration processes; 
however, odler types of incinerators would be considered during the design phase. 

Following on-site incineration, approximately 24,.WO cy of backfill and alluvium would be 

treated by ex-sicu stabilization in order to immobilize inorganic contaminants, The stabilization 

process incorporates the contaminated soil into a matrix with ldditives such as Portland cement, 
water, and proprietary compounds to immobilize the comaminant.s by chemically and physically 
binding them in-place. 

Stabilization can be performed in an open pit, in concrete trucb, and in fabricated systems 

designed specifically for stabilization. Botb stationary and mobile systemS are available. The 
specific system and additives to be used will be detennined durin~ dle design phase. The stabilized 

product would either be replaced directly back into the excavation or placed in forms and allowed to 

cure before being place into the excavation. 
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MMAG c:oaduCIId beadl-scale trealability studies on thermal 1J'elt!Deat aud stabilization of 
lDactive Site PoDd materials. 1be results of the creatabUity studies are discussed in Section 8.0. 

The removal of the waste from the ponds and incineration and stabilization of the 

com.amiruated baettill IDd alluvium would sipificantJy reduce the impact that the Inactive Site has on 

JI'Ound water comamiruation. The iDstallation of a cap at the Inactive Site would provide added 

assurance that the potential for direct human contact would be minimiuld. In-situ soil vapor 

attaction would effectively remove com.amini!Jts from the Chemical Storage Tank area, so there 
would be DO concern for exposure. Contatninatecf materials would remain on-site but the constituents 

would be immobilized. 

Incineration of the waste, bacldill, and alluvium would comply with or exceed the technical 

requirements of RCRA and the Toxic Substances Control Act (TSCA). The hazardous waste 

incineration staDdards set forth in 40 CFR Parts 264 and 270 specify three major requirements 

regardiq incinerator perfoi'IIWlce: 

1. Principal organic hazardous constituents (POHCs) designated in each waste feed must 
be destroyed and/or removed to 111 efficiency (DRE) of 99.99 percent or better; the 
ORE for dioxins and PCBs must be 99.9999 percent. 

2. Paniculate emissions must DOt exceed 180 milligrams per dry standard cubic meter 
(dscm) corrected to 7 percent oxygen in the stack gas. 

3. Gaseous hydrogen chloride (HC) emissions must either be controlled to 4 pounds/ 
hour or less, or be removed with 99 percent efficiency. 

The transport of Inactive Site pond waste would comply with RCRA, Department of 

Transportation, and State replations. Disposal of the tteated waste would comply with RCRA 

standards, including LDRs. Stabilization would achieve immobilization such that contaminants meet 

the tteaanent standards. Perched water aDd wastewaters generated from the tteaanent processes on

site would be tteated to meet COPDES permit requirements. All activities, including in-situ soil 

vapor extraction, would comply with ambient air quality standards. This alternative satisfies the 
SARA preference for treatment. 
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6.5 ALTERNATIVE 5-5: DEWATERIOFF-siTE INCINERATION AND DISPOSAL OF 
W AS1'EJTHERMAL EXTRACI'ION OF BACKFILL AND ALLUVIUMIEX-SITIJ 
STABILIZATION OF BACKFlLL AND ALLUVIVMIRCRA CAP/VAPOR IN-SITIJ 
SOU.. VAPOR EXTRACI'JON 

The objectives of Altemative S-S are to prevent the further impact from the Inactive Site area 

on around water and minimize the potelltial for direct human contact with, inhalation of, IDd 

iDJestion of comaminants at both areas. This alternative is desiped to remove orpnic contaminants 

and immobilize inoraanic contamiDams at the Inactive Site, reduce infiltration of precipitation through 

the Inactive Site pond, and remove oraanic contaminanp. from the Chemical Storage Tank area. 

Alternative S-S incorporates dewatering of the Inactive Site ponds; excavation, off-site 

incineration and disposal of waste in accordance with LDRs; excavation, thermal extraction and, 

stabilization of contaminated backfill and alluvium; replacement of treated backfLll and alluvium into 

the excavation; aDd capping over the IDactive Site. In-situ soil vapor ~on would be used to 

treat the soil at the Chemical Storage Tank area. In addition, this altemative includes the off-site 

incineration and disposal of the residual orJanic laden sludae from the thermal extraction process and 

the off-site incineration and disposal of regeneration of the carbon from the in-situ soil vapor 

extraction process IDd the thermal extraCtion air treatment system. 

Alternative s-s would be implemented in 4 years. 

The area coveriJJ& and adjacent to the Inactive Site would be rearaded to divert storm water 

run-on and eahance storm water run-off. Grading would be accomplished usinJ conventional 

construction equipment such as front-ead loaders llld lfade-alls. Water trucks would be used to 

minimize dust aeneration. The Inactive Site ponds are located OD a topoaraphic hip; therefore, flow 

would be diverted into the East Branch of Brush Creek drainage for flow to the north and into the 

West Branch of Brush Creek/Dry Gulch drainqe for flow to the south. 

Ground water monit.orina would be coDduc:ted at borh the IDactive Site and the Chemical 
Storage Tank area to monitor contaminant milfllion from both areas. MonitoriDJ wells would be 

placed within the perched zones to verify that infiltration was the source of the perched water and 

that the perched zones were not bein& recharged. The monitoriDJ wells in the Chemical Storage 

Tank area would be placed sucb that the effectiveness of in-situ soil vapor extraction could be 

monitored. 

U."()ll.ctll001'-"ia\rod4S-99 

60 



September 19, 1990 

The cap would be maintaiDod llld DO construction would occur on or near the cap. SiDce 
low levels of c:ontamiD•nts would remain at the IDactive Site, the site would be moDitorod llld every 
S years a review would be coDducted to assure human health llld the environment are proteeted. 

In-situ soil vapor extraction would be used to remove VOCs from the Chemical Storage Tank 

area subsurface soil. A series of extraction wells connected to a vacuum pump would be installed in 
and around the Chemical Storare Tank area such that the coues of influence would extend ovec the 

entire contaminated area. A series of injection wells counected to a blower or vacuum pump would 

be placed in aDd around the Chemical Storace Tank area and used to induce air flow through the soil 
to strip and volatilize cbe VOCs into the air stteam. Subsurface air, VOC vapors, and water vapors 
would migrate toward the vacuum extraction wells in response to the negative pressure gradient 
around cbe well. 

The contaminated air and vapor would flow to a vaporniquid s~arator wbece contaminated 
water would be removed. 1be c:omaminated water would be treated to meet COPDES limits in 
MMAG's IWTP. 1be contaminated air stream would be tteated to remove VOC concemrations to 
air quality standards. 1be carbon would be either regenerated or disposed of accordinaly. Air 
emissions would be monitored and additional controls would be incorporated as necessary. 

The waste iD the Inactive Site poDds is considered a RCRA Listed Hazardous Waste. The 
waste, approximately 2,100 cy, would be loaded onto liDed tr~':b and ttansponed to an off-site 

incinerator permitted to accept FOOl, FOOS, aDd F019 listed wastes. The waste would be incinerated 
to comply with the FOOl llld FOOS LOR tteatment staDdards. If the incinerated waste residues did 

not satisfy the LOR treaanent standards for F019 (morganic) wastes, they would be stabilized prior 
to land disposal in a RCRA Landfill. 

Approximately 24,400 cy of contmdnated backfill aDd alluvium would be tteated by thermal 

extraction to remove organic contaminants. Thermal extraction is a low temperature thermal 

tteatment process which volatilizes organic contamiums from the soil mattix. Operating 

temperatures are low, preveating combustion of the orpnic contaminants IDd oxidation of the 

inorganic comaminams. 'Ibe process produces an organic-free soil and an off-ps that. when tteated, 

JeDerates waste water, clean air, IDd an oraanically contaminated aludae. 

Following the thermal treatment, approximately 24,400 cy of backfill aDd alluvium would be 
treated by ex-situ stabilizllion. 'Ihe stabilization process incorporates the comamioated soil into a 
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matrix with additives such as PortlaDd cemeDt, water, IDd proprietary compoUDds to immobilize the 
iDorpnic contaminants by chemically IDd physically biDdiDJ them in-place. 

Treatability studies on thermal extraction IDd stabilization were performed previously by 
MMAG. The results are discussed iD Section 8.0. 

lbe removal IDd incineration of the waste from the ponds and thermal extraction and 

stabilization of the cootarnin•red bactfil1 IDd alluvium would sipificamly reduce the impact that the 
Inac:Pve Site has on ground water contamination. lbe installatioD of a multi-layered cap at the 
Inactive Site would provide added ISSUJ"aiU:e that the poteDtial for direct human contact would be 
minimized. In-situ soil vapor extraction would effectively remove contaminants from the Chemical 
Storage Tank area so there would be DO concern for exposure. Contaminared materials would 

remain on-site would be treared to immobilize hazardous constituents. 

lbe uncertainty associated with Alternative S-5 is the ability to remove organic contaminants 

IDd stabilize inorganic compounds to meet LDR treatment SWidards. 

lbe transport of Inactive Site pond waste IDd thermal extraction residues would comply with 
RCRA, Department of Transportarion, IDd Stare reJU}atious. IDciDerarion of the waste would be 

performed at a RCRA approved incineration facility IDd would meet all pertineDt requirements 
including ar least a 99.99 percent destruction of organic contaminants. Disposal of the treared waste 
would comply with RCRA staDdards, including the LDRs. Thermal extraction would remove 
organic contaminants, and stabilization would achieve immobilization to prevent contaminants from 

leaching to the ground water. Perched water and wastewaters generated from the treatment processes 
on-site would be treared to meet MMAG's COPDES permit requirements. All activities, including 
thermal extraction and in-situ soil vapor extraction, would comply with ambient air quality standards. 

6.6 ALTERNATIVE GW-1: NO AcriON 

Ill accordance with Section 300.430(e)(6) of the NCP, the DO action alternative must be 

considered in the FS. lbe DO action alternative also serves as a baseline for comparison of other 
ground water alternatives. No contaminants are removed or treated by the no action alternative, 
although natural atttDuation processes are likely to occur. Predicting natural attenuation processes is 
not technologically possible for most of the contaminants present in the ground water. 
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No action, IS it pertaiDs to ,lrOUIId water collf2JIIination, means that 110 activities iDteDded to 

proteCt human healtb IDd 1be eaviroDmeat, iDcJudiq Ill)' nmediatioll, would be takeD. The existiq 

Brush Creek aDd Filter Gulch JroUDd water extraction aDd trealment systems would be shut down. 
The existin& water supply provided by 1be Denver Water Department could be used to meet current 
water demands aDd future demaads from development. Contaminated grouad water would be 

allowed to miarate off-site. 

Ground water monitoriD& would be conducted to tract contatninant milfltion from 1be site 

aDd to continually usess the resulting risks. 

Ground water modeling, ISSUmiDg 1be source is removed IDd natural attenuation processes 

occur, predicts that ground water restoration time frames required to attain clean up goals are in 

excess of 130 years for on-site ground water IDd in excess of 70 years for off-site ground water. 

This alternative does DOt provide proteCtion apiDst threats to human health or the 
environment. The immediate concern with the no action aJtemative is that environmental degradation 
would continue to occur and that the remedial action objective to restore ground water to its 

benefic:ial use in a reasonable time frame is not achieved. 

The ground water, which is a past and a potential source of drinking water, does not meet 
the clean up goals at the present time. 

6.1 ALTERNATIVE GW-2: CONTINUED OPERATION OF 111E EXISTING 
RECOVERY WELL SYSTEMSITREATMENT BY AlP. STRIPPING, CARBON 
ADSORPI'ION, AND ION EXCHANGE/DISCHARGE TO BRUSH CREEK 

The objectives of Alternative GW-2 would be to preclude JrOUnd water migration off-site 
into the South Platte River Basin and remove organic and inorganic contaminants from the recovered 
ground water. 

Alternative GW -2 is preseatly in operation. 'Ibe Filter Gulch recovery well system was 
installed in 1985, and the Lower Brush Creek recovery system was installed in 1987. The Filter 
Gulch recovery system consisls of 14 recovery wells located approximately 800 feet southeast of the 
M3 area on Denver Water Department property. The Brush Creek recovery system consists of three 
24-incb diameter recovery wells installed in a gravel backfilled trench located approximately 2,000 
feet east of the M3 area. 
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'Ibe recovered water is pumped Ilona with MMAG's industrial process waste waters to the 

IWTP in the M3 area where organic IDd inorplic contaminants are removed. Curreatly. the IWTP 

treats wastewater by air stripping, carbon adsorption, and a ferrous sulfate reduction processes. 'Ibe 

treated effluent is discharged to Brush Creek MMAG waste water outfall (COPDES Permit 

10001511), located approximately 100 feet downstream of the Brush Creek recovery system. 

Ground water monitoring would be conducted semiannually to track contaminant migration 

from the site and to assess the resulting risks. 

An alternative water supply would be provided should the need arise during the 

implementation of alternative GW -2. 

MMAG bas demonstrated that the Filter Gulch and Brush Creek recovery systems provide 

effective contaimnent of contaminants by minimizinJ off-site migration -of alluvial ground water. 

'Ibe principal environmental concern associated with air stripping is the generation of volatile 

organic air emissions. The MMAG IWTP is presently operating within its air permit limitations, 

which do DOt require additional treatment of the exhaust air stream. If air emission levels are found 

to exceed ambient air quality standards or risk-based levels, the air would require further treatment. 

Treatment of the exhaust air would be accomplished by capturing orpuic constituents using vapor 

phase carbon adsorption or by destruction in an incinerator. 'Ibe need for emission controls would 

be assessed during the design phase. 

All the residues of ground water treatment would be analyzed for cootaminam content and 

disposed of accordingly. Sludges would most likely be incinerated at an off-site facility prior to 

disposal. Spent carbon and ion exchange resins would either be recycled (regenerated), incinerated, 

and/or disposed of directly. 

'Ibe treated effluent exiting the MMAG IWTP would meet the required treatment standards 

of MMAG's COPDES permit before beinJ discharged to Brush Creek via the existing outfall. 

GrOUDd water modeling indicates that grouad water restoration time frames required to attain 

clean up goals are approximately 130 yean for on-site JIOUDd water IDd in excess of 5 yean for off

site ground water. However, there is some 1IDcertainty in the estimate of ground water restoration 

time. 'Ibe ground water modeling was conducted usiq available data on subsurface conditions, and 

assumptions wete made regarding all the variables. In addition, the model assume that sources of 
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c:omamiDation are completely removed. Effec:Dvely, this meaas little if any remediation occurs on

lite iD the hiPJy ccmtaminated areas for ID exteosive period. 

The umreated Jr01IDd water does not meet the clean up aoals at the preseat time. With the 
implementation of altemative GW-2, however, clean up aoals would be achieved off-site in a 

reasoaable time frame. However, CODtamiaant levels in lfOUDd water on-site would remain above 

MCLs for over 100 years. 

6.8 ALTERNA11VE GW-3: CON11NVED OPERATION OF 11IE EXISTING 
RECOVERY WELL SYS'I'EMSIINSI'ALLATION OF ADDmONAL RECOVERY 
WEU.. SYSTEMS IN F1LTER GULCH AND DRY GULCH UPGRADIENT FROM 
'111E EXISTING RECOVERY WELL SYS'I'EMSn1lEATMENT BY AIR STRIPPING, 
CARBON ADSORPI'ION, ION EXCHANGE, AND/OR UV PBOTOLYSIS-
OXIDA TIONIDISCHARGE TO BRUSH CREEK 

The objec:Dves of Alternative GW-3 would be to preclude comaminam migration off-site and 

restore the ground water to beneficial uses by recovering ground water and removing organic and 

inorganic contaminaJJts. 

Alternative GW-3 is a modification to Alternative GW-2 that iDcorporates two additional 

extraction systems coupled with recharJe or infiltration treDCbes to enhance the rate of pound water 

extraction. One of the two new recovery systems would be iDstalled in Dry Gulch, approximately 

3,500 feet southeast of the lnadive Site, and the other would be installed iD FUter Gulch southeast of 

the M3 area, approximately 200 feet north of the MMAG property boundary. The new recovery 

system in Dry Gulch would probably consist of a trench and well system similar to the existing 
Brush Creek system and would recoverS- 10 JPm. The new system in FUter Gulch would probably 
consist of a line of recovery wells sim.Uar to the existing Filter Gulch system. Additionally a 

treatment step to remove NDMA and UDMH commination is included. The additional treatment 
step associated with this alternative is ultraviolet light (UV) photolysis used in combination with 
oxidation to treat NDMA and UDMH. 

The grouud water would be pumped from the four recovery systems llld treated at the 

IWTP. Oraanic and inorganic c:omaminams would be removed. The IWTP would include air 

strippina, carbon adsorption, ion exchange, llld the UV photolysis/oxidation process. The treated 

effluent would be discharged to the Brush Creek MMAG waste water outfall (COPDES Permit 

10001511), located approximately 100 feet downstream of the Brush Creek recovery system. 
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Grmmd water monitoring would be CODduc:ted to track contaminant mi,mion from the site 

and to assess the resulting risks. An alternate water supply would be provided should dle need arise 

during the implementation of alternative GW-3. 

Water purchased from the Deuver Water Departmem would be recharged into the alluvium at 

Dry Gulch and the M3 area to enhance extraction rates and flushing of the alluvium for more rapid 

restoration. 

It could also be necessary co install a small extraction system upgradient of the Inactive Site 

recharge system to collect ground water located between Che ponds and tbe recharge system. The 

need for such a system would be evaluated during tbe design phase. 

Ground water modeling indicates that ground water restoration time frames required to attain 

clean up goals are approximately 4S years for on-site ground water ancl approximately S years for 

off-site ground water. 

1be untreated ground water does not meet the clean up goals at the present time. With the 

implementation of alternative GW-3, however, clean up goals would be achieved more rapidly both 

off-site and on-site. 

6.9 ALTERNATIVE GW-4: CONTINUED OPERATION OF EXISTING RECOVERY 
WELL SYSJ'EMSIINSI'ALLATION OF ADDmONAL RECOVERY WELL SYSJ'EMS 
IN FlLTER GULCH AND DRY GULCH UPGR.ADIENT FROM THE EXISTING 
RECOVERY WELL SYSTEMS/ADDmON OF A RECOVERY WELL SYSTEM IN 
THE M3 AREAn'REATMENT BY CHEMICAL REDUCJ'ION, PRECIPITATION, 
CLAJUF1CATION, AIR STRIPPING, CARBON ADSORFriON, ION EXCHANGE, 
AND/OR UV PHOTOLYSIS.OXIDATION/DISCHARGE TO BRUSH CREEK 

1be objectives of Alternative GW-4 are to preclude contaminant migration off-site and restore 

tbe ground water to beneficial uses by recovering ground water and removing organic and inorganic 
contaminants from the ground water. Additionally, Chis inc:ludes systems to collect and treat the 

ground water in the Fountain Fonnatiotl in the vicinity of the Cbem Mill aDd Hydrostat Tank areas. 

1bis alternative provides protection to human health aDd dle environment by removing 

contaminants in the ground water aDd by reducing contaminant migration off-site. 

Alternative GW-4 is a modification of alternative GW-3. It incorporates all the aspec:ts of 

GW -4 and in addition includes one more e.xtrac:tion system. 1be water extracted by the additional 
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system would be treated to remove cbromium ad chloriDated OlpDic c:ompouDda. 1be water would 

be recovered from tbe five ~ystem~IIKI pumped to tbe IWJ'P wb.-e orpaic IDd iDorpaic 

contaminants would be removed. The IWTP would include air strippiJl&, carbon adsorption, ion 

exchanae, and the addition of the UV photolysis/oxidation and chemical reduction, precipitation, and 

clarification process~~. The treated effluent would be discbiiJed to the Brush Creek MMAG waste 

water outfall (COPDES Permit 10001511), located approximately 100 feet downstream of the Brush 
Creek recovery system. 

GroUDd water monitoriJl& would be conducted to tract contaminant milfltion from the site 

and to assess the nsultinJ risks. An alteraate water supply would be provided should the need arise 

durinJ the implementation of alternative GW-3. 

Ground water modelliDJ indicates that sround water restoration time frames required to attain 

clean up aoals are approximately 45 years for on-site sround water~ iD excess of S years for off
site JI'OUD(I water. However, there is some uncertainty associated with the sround water restoration 

time. The JfOUnd water modelin& was conducted usins available data on subsurface conditions, and 
assumptions were made regardiJl& all the variables. In addition, the model usumes that sources of 
contamiruation are completely removed. 

The untreated around water does not meet the clean up ioals at the present time. With the 
implementation of Alternative GW~. however, these aoals would be achieved on-site and off-site 

within reasonable time frames. In addition, an area of high contamination in the M3 area would be 

remediated preventin& funher miJration of c:Omaminants off-site. 

7.0 SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES 

7.1 INTRODUCTION 

In accordance with the NCP, Section 300.430(e), each of the alternatives passing the initial 

screening phase of the feasibUity study UDderwem the detailed analysis which specifically addresses 
the nine evaluation criteria listed below: 

Thresbold Criteria 

1. Overall protection of human health and the environment 

2. Compliance with applicable or relevant and appropriate requiremems (ARARs) 
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Primazy Balancin& Criteria 

3. Long-term effectiveness and permanence 

4. Reduction of toxicity, mobility, or volume tbrough treatment 

S. Short-term effectiveness 

6. Jmplementability 

7. Cost 

Modifying Criteria 

8. State acceptance 

9. Community acceptance 

The NCP indicates that a remedy must satisfy the threshold criteria to be eligible for 

selection. 

7 .l COMPARATIVE ANALYSIS OF SOIL ALTERNATIVES 

This section provides a comparison of each of the soil alternatives with respect to the nine 

evaluation criteria described above. The results of the comparative analysis are summarized in Table 
7-1. 

7 .l.l Overall Protection or Human Health and the Environment 

All of the alternative, except no action, would provide some degree of protection to human 

health and the environment. 

Protectiveness is in part related to the final disposition of contaminants, and alternatives S-4 

and S-5 employ proven processes to treat all waste and provide for the destruction of organic 

compounds with treatment and containment of inorganic contaminants. Both alternatives are 

considered permanto.~t remedies and, therefore provide lon:-term effectiveness and protection. 

Alternative S-3 is protective and it includes treaanent of all waste, although the organic compounds 

would not be removed or destroyed and would potentially be able to leach from the stabilized 

product. Alternative S-2 is protective from the standpoint that the potential for direct human contact 

is reduced and that infiltration is reduced, thereby reducing the potential for contaminant migration 
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TABLE 7-1 (Continued) 
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into the JfOUJid water. Altenlltive S-2, however, does DOt address the existin& contaminated 
alluvium which is and will coDtiDue to be imerseded by grouud water and it is not necessarily a 
permanent solution. Eacb of these alternatives also reduce mobility of contaminants remaining in the 
soils due to the placement of a RCRA cap over contaminated or treated areas to minimiu infiltration 

of precipitation. 

Alternative S-1 does not provide any protection to human health and the environment. At 

present, neither the Inactive Site soils nor the Chemical Storage Tank area soils present a threat to 

the MMAG employees or trespassers because both areas are covered. The Inactive Site is covered 
by soil and the Chemical Storage Tank area by asphalt. However, coDt.aminants in the soil that 

migrate from both areas and enter the ground water could result in exposure to contaminants causing 

threats to human health and the environment. 

7 .l.l Compliance with ARARs 

Chemical-, location-, and action-specific ARARs were identified for the MMAG site and the 
alternatives developed. The full .ARARs analysis is presented in Appendix A of the feasibility study 

(Geraghty&. Miller, 1990b). Eacb alternative would comply with ARARs. The number of ARARs 
that apply to an alternative increases witb the amount of treatment involved. 

7.2.3 Long-term Effectiveness and Permanence 

Alternatives S-4 and S-5 would provide the highest degree of long-term effectiveness and 

would also be the most permanent remedies primarily because both alternatives would use treatment 
to remove and destroy organic contaminants at the Inactive Site. Alternative S-4 would use direct 
destruction via incineration, whereas Alternative S-5 would use removal via thermal extraction 
followed by destruction via incineration off-site. For Alternatives S-3, S-4, and S-S, the inorganic 
contaminants would be immobilized by stabilization. The long-term effectiveness of stabilization 

would, in part, depend on the ability of the RCRA cap to minimize infiJtration through the solidified 
mass. RCRA caps have been used extensively and have been shown to be effective, long-term 
solutions for reducing infiJtration. The RCRA cap would require periodic maintenance that consists 
of sealing cracks, adjusting for sealement, and revegetating. With proper maintenance and design, 
the cap would function effectively and last indefinitely. 

Alternative S-3 would be the next most effective and permanent alternative, but because 
organic cooraminants remain in place using a technology that bas DOt been proven for organic 
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contamiums, IOIDe questions remaiD reprding long-term effectiveness. Alternative S-2 would be 

the next moat effective aad pennaneDt lltemative. However, COIItllll.ination would remaiD in the 

Jround untreated and conpm.e to mill'* in the environment. Alternative S-1 does not offer any 
lone-term effectivcaess or permanence. 

Alternatives S-3, s~. llld S-S would enhance lfOUDd water restoration because contamination 

presently in the saturated alluvium would be treated, and the orpnic constiwents would be removed 

as pan of Alternatives s~ and s-s. 

Alternatives S-2 through S-S apply in-situ soil vapor extraction at the Chemical Storage Tank 

area to remove most of the organic contaminams from the son, thus providing for long-term 

effectiveness and permanence. (Although capping is not planned for this area, a cap to prevent 
infiltration would be effective at protecting the environment and preventing human exposure.) 

7.2.4 Reduction ol Toxidty, MobiDty, or Volume 1broup Treatment 

Alternatives S-1 does not involve any treatment of the waste, com.aminated backfill, 
contaminated alluvium It the Inactive Site, or contaminated soU It the Chemical '"torage Tank area 
and therefore does not meet this criterion. · 

Alternatives S-2 through S-S all provide some level of reduction in toxicity, mobility, and 

volume of contaminants. In all of these alternatives, contaminants in the Chemical storage Tank area 

are removed from the soils thereby reducing the toxicity of the soils and eliminating the potential for 

further migration of com.amhwtts to the ground water. 

This criterion is addressed to the highest degree by alternatives S-3, S~. and S-S because · 

these alternatives involve a hip level of treaanent for contaminants at the Inactive Site area. 

Incineration of waste materials in altematives S-3, S~. and S-S effectively reduces toxicity, mobility, 

and volume of contaminants by permanent destruction. Thermal e:maction in altemative S-5 

accomplishes the same result but by a different mec:banism. Volume reduction is a key aspect of S

S because the thermal extraction process concentrates organic contaminants in a sludge anc! reduces 

the volume of material that must be incinerated. A major difference between S-3, S~ and S-5 is the 

quantity and type of material which would be thermally treated UDder each altemative. 

The thermal treatment aspect of alternatives S-3, S~ and S-5 all result in the generation of 

small quantities of residues. These residual waste streams are the result of air ~"Uution control 
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devices and may be liquid or solid in form. These residues constitute of small volume of wastes 

which must be disposed or further treated. Examples of dlese waste materials are scrubbing liquids 

(waste water), spent activated carbon, dry scrubbing residues (salts) and ash. 

The stabilization treatment ponion of alternatives S-3, S-4, and S-5 will reduce mobility of 

coDtaminants in the soils. The effectiveness of stabilization varies with the type of contaminant being 

treated. Only iDOrganic constituents would be treated by stabilization with S-4 and S-5. However, 

alternative S-3 would utilize stabilization for immobilizing both inorganic and organic constituents. 

lbe use of stabilization to treat organic contaminants is not as well accepted as for inorganic 

contaminants. 

Stabilization treatment would probably result in a volume increase of treated materials due to 

the addition of stabilizing or solidifying agents. However, depending on the nature of the material 

being treated and the additives used, volume reduction is also a possibility. 

In summary, the treatment aspects of S-4 and S-5 alternatives would provide the highest 

reductions in toxicity and mobility. Alternative S-1 provides no reductions and S-2 provides less 

reduction in toxicity and mobility than S-4 and S-5. This is because thermal treatment is proposed 

for only die discrete waste materials which comprise a small fraction of the contaminated materials at 

the Inactive Site. 

7 .l.S Short-term Effectiveness 

The short-term effectiveness of Alternative S-1 with respect to protecting the environment 

would be very low, primarily because contaminants would continue to migrate into the ground water 

and significantly increase the time required for ground water restoration. However, there would not 

be an immediate threat to human health due to the lack of current exposure to contaminants in the 

ground water and at the Inactive Site. 

Alternative S-2 would be most effective for the short-term because implementation of the 

alternative would take four months and DO excavation of comminated soil or waste would be 

required. Therefor~, risk from inhalation of vapors, inadvertent ingestion of soil, and dermal contact 

associated with the Inactive Site would be insignificam. The cap would immediately stop infiltration 

of precipitative and reduce contaminant migration to die ground water and slow subsequent off-site 

migration. 

RE:Ol2-col00l\manill\rod4S-99 

74 



September 19, 1990 

Alternative S-3 would be a somewhat less alternative for the sbon-term. Altemative S-S 
would folJow Alte:madve S-3 IDd Altemative S-4 would be the least effective alternative iD the sbon
term with respect to protectina the euviromnent. All three alternatives have similar components with 
corresponding shon term risks. The risks usoc:iated with dewatering llld in-situ soil vapor 

extraction would be the same as desaibed for Alternative S-2. In addition, because excavation of 

colltaminated waste, backfill, aDd alluvium would be required, there are short term risks usoc:iated 

with inhalation of, inaestion of, aDd dermal contact with contaminants for on-site workers. These 

risks can be couttolled by the use of safe workinJ practices IDd engiDeeriag coDttols during 

implementation. 

Off-site incineration of the waste (Alternatives S-3 and S-S only) would pose some risk to the 
community as a result of the transport of hazardous waste on public roads and highways. The 

loading and unloading procedure may expose workers to contaminants. These risks would be 

controlled by establishing procedures for safe transfer of waste materials aDd careful planning of 
transponation. In the event of an ac:c:ident, waste material would be cleaned up in a relatively sbon 
time (several houn) and community exposure is unlikely. 

The transpon of treated waste residuals would be required for Alternative S-4 llld S-S. 
However, the risks would be sipific:antly Jess with S-4 because the materials being transported 

would be free of organic: contaminants. 

During S-3 stabilization treatment would result in a risk to workers from inhalation of 
vapors. Inadvertent ingestion or dermal contact with soil is a risk for all three alternatives S-3, S-4, 

and S-S. This risk would be greater for Alternative S-3 because organic c:omaminants would still be 
present during stabilization. 

In summary, the sbon term effectiveness of alternative S-2 is the areatest because it provides 
a relatively quick solution for remediation and the human health risks associated with implementing 

the remedy are Jess dwl S-3, S-4 and s-s. Altemltive s-t provides DO sbon term protedion to the 
environment. however, S-1 poses DO threat to human health associated with implementation. 

7 .2.6 lmplementability 

lmplementability refers to the techaic:al and administrative feasibility of implememing an 

alternative and the availability of service and material. All the alternatives would be tecbnic:ally 
implementable. Conventional construction equipment would be used for excavation, transpon, and 
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replacement. On-site treatment processes would be vendor supplied or designed and fabric:ated by 

MMAG. ·Off-site incineration and disposal would be performed at prtmjUed facilities. All the 

teclmologies involved in the alternatives are reliable. Incineration and stabilization have been used 

extensively to treat hazardous waste and are considered the BDATs for organic and inorganic 

contaminants, respectively. Thermal extraction is a relatively innovative tecbnolol)' that operates on 

proven thermodynamic properties. A RCRA cap is considered the best demonstrated available 

teclmology (BOAT) for cover types and bas been used extensively and successfully at hazardous 

waste sites and landfills. In-situ soil vapor extraction is a relatively new technology adapted from the 

proven air stripping technology for removing VOCs from aqueous streams. Carbon adsorption is 

proven technology widely used in waste water and water treatment plants as well as hazardous waste 

sites for removing organic contaminants from aqueous waste streams. 

Alternative S-5 has the disadvantage of utilizing a thermal treaonent technology that is not as 

readily available as conventional incineration. Thermal extraction is relatively new technology and 

although there are several companies offering the technology, they are fewer in number than 

incineration vendors. 

The administrative feasibility of alternatives varies from alternative to alternative. Alternative 

S-2 could be implemented with little administrative or technical difficulty. The only administrative 

requirements to be achieved would be to meet ambient air quality standards for the in-situ vapor 

extraction process. Alternative S-2 would be readily adaptable if additional remedial actions were 

necessary at a later date. Alternatives S-3 and S-5 would be relatively simple to implement from a 

regulatory stand point. The regulatory requirements for on-site treatment are easily implementable. 

The off-site treatment and disposal requires very little administrative effons beQUSe the materials 

would be treated at permitted hazardous waste TSD facilities. 

Alternative 54 would meet with the most difficult alternative to implement on-site due to the 

regulatory requirements for incineration, such as trial burns. 

7:l.7 Cost 

MMAG estimated capital, o&M, and present worth costs for each alternative. The costs are 

presented below: 

llE:Oil.coiOOl'-nia\nlcUS-99 
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Altl:matjD cww a.w Et=~:o' !iaab 
S-1 so $39,000 s 600,000 

S-2 s 2,923,000 $131.500 s 4,940,000 

S-3 $21,723,000 $131,500 $23,740,000 

S-4 $45,923,000 $131,500 $47,940,000 

s-5 $39,023,000 $131.500 $40,040,000 

MMAG also coDducted a cost sensitivity analysis to evaluate bow the costs rapond to 

fluctuations in various factors such as volumes, interest rates, aad unit costs. The raults of the 

sensitivity analysis are summarized below. 

SENSITMTY ANALYSIS OF PRESENT WQRTB COSTS 

Allematin L9w Cast Hi&h Cgss 

S-1 $ 260,000 s 980,000 

S-2 .$ 2,950,000 $ 7,180,000 

S-3 $10,150,000 $ 40,380,000 

S-4 $16,650,000 $107,480,000 

S-S $17,150,000 s 69,080,000 

As indicated in the table above, significant uncertainty aists regarding the cost of Alternative 
S-4. The low end cost is 35 perceat of the estimated praent wonb cost aad the bigb end cost is 224 

percent more than the estimated present worth cost. The uncertainty associated with costs for the 
other alternatives is DOt as great. 

7 .2.8 State Acceptance 

The DO action altemative is not acceptable to the State of Colorado (CDH). CDH prefers 

alternatives requiring treatment over alternative S-2 aDd bas iDdicaled concurrence with EPA on the 
selec:ted remedy. 
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7 .2.9 Community Acceptance 

CoDUDUDity acceptance of the soil alternatives is assumed to be in concurrence with the State 

and EPA. No significant comment regarding the soil alternatives was received during the public 
meeting or during comment period on the proposed plan. 

7.3 COMPARATIVE ANALYSIS OF GROVND WATER ALTERNATIVE'S 

This section provides a comparison of each of the groUDd water alternatives with respect to 

the nine evaluation criteria described in Section 7.1. The results of the comparative analysis are 

summarized in Table 7-2. 

7 .3.1 Overall Protection of Human Health and the Environment 

Each alternative except no action provides some protection of human health and the 
environment. lbe groUDd water alternatives were developed and evaluated based on the assumption 

that the two major source areas of contamination would be removed. These sources are the 
contaminants at the Inactive Site and Chemical Storage Tank areas. 

Alternative GW-1 would be a step backwards if it were to be implemented. The existing 
recovery well systems would be shut down and contamination would migrate unrestricted off-site. 
The long-term impacts would be considerabl~ IS the comaminated groUDd water would contaminate 
clean groUDd water and water users distant from the site could be affected. Alternative GW -1 is not 
protective of either human health or the environment. 

MMAG is presently implementing Alternative GW-2. MMAG bas been able to demonstrate 
that this recovery well systems is effective at collecting and treating alluvial ground water. The 
recovery well systems used to extract ground water are conventional and proven. The treatment 
processes used are also conventional and widely used to treat municipal watec supplies. (Tbe current 
treatment process for around water includes only air strippina.) 

Alternative GW-3 is protective for the same reasons IS GW-21Dd is possibly more protective 
because it reduces the restoration time frame and provides for the treatment of two important 

contaminants, NDMA and UDMH. 
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Alternative GW ~ apiD is protective and reduces uncertainty associated with Alternative 

GW-3 by iDcludiq an additioaal recovery welllystem in the M3 area to collect a chromium plume 

that oripwes in the M3 area. ID addition, a chemical reduc:donlprecipitationlclarification process 

would be used to remove the chromium and any other metals u well u other inorganic conwninants 

from the Jround water. Alternative GW ~ does not result in any reduction to the ground water 

restoration time frame when compared to alternative GW -3, but it does address a known 

conuminated plume. 

7 .3.2 Compliance with ARARs 

Chemical-, location-, and action-specific ARARs were identified for the MMAG site and 

ground water alternatives developed. lbe full ARARs analysis is presented in Appendix A of the 

feasibility study (Geraghty & Miller, 1990b). 

-
Alternative GW-1 may attain, in 200 years, the chemical-specific ARARs. Alternatives GW-

2, GW-3, and GW~ would comply with all ARARs. Since Alternatives GW-2, GW-3, and GW-4 

would all collect and treat for detectable conuminants, each would equally comply with ARAR 

7 .3.3 Long-term Effectinness and Permanence 

Long-term effectiveness and permanence are the measure of bow long into the future the 

remedy will last Uld bow protective it is during that time. Considering that the ground water would 

eventually be restored (by natural attenuation 'in the case of GW-1 orb~ active treatment in the case 

of Alternatives GW-2, GW-3, &Dd GW-4), all the alternatives would provide adequate long-term 

effectiveness and all would be permanent assuming that there are no unknown sources that would 

prevent restoration. However, alternatives GW-2, GW-3 and GW-4 assure long term effectiveness 

by using active treatment. 

7.3.4 Reduction of Tnidty, Mobility, or Volume Through Treatmeat 

Alternative GW-1 does not involve treaanent of conwninams. However, the nabUal 

attenuation processes that occur would reduce the toxicity &Dd volume of contaminated ground water. 

Alternatives GW-2, GW-3, &Dd GW~ would effectively use the recovery well systems to 

reduce the mobility of cootaminants. Alternative GW-4 would provide the greatest reduction in 

contaminant mobility for the shon-term followed by GW-3 then by GW-2. predominantly because of 
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tbe number of recovery systems employed. Residuals such as sludJe from treatment processes would 

be treated aod disposed of off-site to ensure meetina this criteria for each alternative. 

Alternatives GW-2, GW-3, and GW-4 would also reduce the toxicity of contaminants through 

treatment that removes contaminants from the JrOUDd water. Alternative GW -4 would achieve the 

hiJhest reductions, followed by GW-3 and GW-2 primarily because it addresses all contaminants of 

concern including chromium and NDMA and UDMH. 

7 .3.5 Short-temJ Enectiveness 

None of the alternatives will reduce the threat in the sbon-term because it may require 45 
years or more to attain remediation goals. However, GW-2, GW-3, and GW-4 are protective 

because ground water is not currently used for human consumption and an alternative water supply 

will be provided during implementation of the remedy should the need arise. 

lbe JfOUI1d water treatment process, air stripping, releases low levels of volatile organic 

chemicals into the air. However, the release wiJJ be subject to air pollution controls which will 

protect human health and the environment. 

Environmental degradation would be reduced by Alternatives GW-2, GW-3, or GW-4. 

GW-4 would be most beneficial to reducing environmental degradation in the shon-term followed by 

GW-3. 

7 .3.6 Implementability 

Alternative GW-2 ranks the highest with respect to implementability, because it is already in 

operation. Alternative GW-1 would be easily implemented by shut down of present operation. 

Implementation of Alternatives GW-3 and GW-4 would require installation of wells or 

trenches, construction of small diameter pipelines, and process modifications to MMAG's IWTP. 

This makes GW-3 and GW-4 the most technically difficult to implement. 
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7.3.7 Cast 

MMAG estimated capital, operation and maintenance (O&M), and present worth costs for 

each alternative. The costs are presented below: 

Ammal 
Alternative ~ ~ Presmt Worth 

GW-1 so $180,000 $2,800,000 

GW-2 so SS14,000 $7,900,000 

GW-3 $1,100,000 $1,100,000 $18,000,000 

GW-4 $1,300,000 $1,100,000 $18,200,000 

MMAG also conducted a cost sensitivity analysis to evaluate hc_>w the costs respond to 

fluctuations in various factors such as volumes, interest rates, and unit costs. The results of the 
sensitivity analysis are summarized below. 

SENSJllVITY ANALYSIS OF fRESENI WORm COSTS 

AllmJaDD Low Cost Bjgb Cost 

GW-1 $1,400,000. $4,300,000 

GW-2 $3,400,000 $13,100,000 

GW-3 $7,500,000 $30,600,000 

GW-4 $7,700,000 $32,800,000 

The sensitivity analysis indiCates that approximately the same level of uncertainty exists for 
each altemative. This is reasonable since Alternatives GW-2, GW-3, and GW-4 all employ similar 
processes and operate under similar conditions. 

7 .3.8 State Acceptance 

The DO action alternative is DOt acceptable to the State of Colorado (CDH). CDB supports 
EPAs selection of Alternative GW-4 for ground water remediation. 
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7.33 Community Acceptance 

CoDIIDUDity acceptauce of the lfOUDd water altematives is assumed co be in concurrence with 
the State aad EPA. No significant commeat regarding the ground water alternatives was received 

during the public comment period on the proposed plan. 

8.0 SELECTED REMEDY 

The selected remedy combines two alternatives: S-5 for treatment of coatamiaated soil and 

waste from the Inactive Site Ponds and the soil ia Chemical Storage Tank area, and GW -4 for 

contaminated ground water treatment. 

The selected remedy addresses the remedial action objectives by including remediation of the 

principal threat at the site, the Inactive Site area, which contains highly coaceatrated and mobile 

coatamiaants and the soil in the Chemical Storage Tank area. Remediation of ground water is also 

part of this remedy. As a result of these actions, surface water on-site is expected to be remediated 
also·. 

Botb EPA and CDH have evaluated the alternatives IDd agree that this remedy will provide 

the most effective measures to ensure long tenn protection of human health and tbe environment 

satisfying requirements under CERCLA and attain the ARARs from other Federal and State 

regulations. In particular, the remedy is consistent with anticipated elements of RCR.A corrective 

action as well as closure standards for RCR.A hazardous waste units. These considerations are 

particularly important because it is anticipated that tbe remedy will be implemented UDder the RCR.A 

corrective action authority. 

The remedy does not specifically address contamination which originates from Air Force 

(PJKS) property. However, because ground water in Brush Creek and Dry Gulch will be 
intercepted, contaminants from Air Force property will be treated also. At this time, contamination 

ia Lariat Gulch will not be addressed by this remedy, except that monitoring will be conducted. The 

U.S. Air Force and EPA are expected to address Lariat Gulch as pan of lbe Interagency Agreement 

for that site. 
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1.1 DESCRIPTION 

8.1.1 Altematl.e S..S: Dewater/Ofl'-slte Incineration and Disposal or Wutefl'hermal 
Extraction or BackfiU and AlluYiumJEx.Situ Stablllzatioo or BackfiU and 
AJiuYiwniRCRA Cap/In-Situ Soil Vapor Extraction 

Specifically, the objectives of this portion of the selected remedy are to mitigate the impact 

that the Inactive Site Pond area contamination is having on JfOUDd water and to reduce the potential 

for further miaration of c:blorinated organic chemicals from the Chemical Storage Tank area. The 

remedy is designed to address both the immediate need to coattol the source of contamination to 

another media (&round water) and prevent tbe potential for future exposure of humans to 

contaminants at both areas. ID order to provide a pe:rmanem solution, organic contaminants will be 

removed and inorganic contaminants will be immobilized at the Inactive Site, infiltration of 
precipitation through the Inactive Site will be reduced, and orpnic contaminants from the Chemical 

Storage Tank area will be removed. 

Alternative S-5 inc:orporates the followine components for the Inactive Site area: dewatering 
of the perched water; excavation, off-site incineration, and off-site disposal of the waste in 
accordance with LDRs; and excavation, thermal extraction and stabilization of contaminated backfill 

and alluvium. The treated bac:kfill and alluvium will be placed back into the excavation, and covered 

with a multi-layered cap over the Inactive Site area. Jn..situ son vapor emaction will be used to 

remove VOCs at the Chemical Storage Tank area. In addition, this alternative includes the off-site 

incineration and disposal of the residual organic laden sludge from the thermal extraction process and 

the off-site incineration and disposal or regeneration of the carbon from the in-situ soil vapor 

extraction process and the thermal extraction air tteabnent system. This partion of the remedy will 

be implemented within approximately 4 years. Figure 8-1 depiects the selected remedy for the 
Inactive Site. 

Approximately 1.3 mDlion plloas of perched water will be extracled and treated along with 

the couwninated JfOund water. The waste DWerial, approximately 2,100 r:y, will be excavated, and 

transported, and incinerated off-site. 1be proposed facility is RolliDS in Deerpark, Texas. However, 

any off-site facility used as pan of this remedy must satisfy the reqy.rement in section 12l(d)(3) of 

CERCLA. 

ltE:OJ2~'-"ia\rod4S-99 
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The comminated bacldilliDd alluvium would be excavated down to action levels, Ulldergo 

thermal extraction to remove orpnic coDtJmiNnts, IDd be stabUized to immobilize iDorganic 
contaminants. The oqanic contaminants in the Chemical Storqe Tank area would be permanently 

removed. 

A series of wellpoints will be installed in the perched zones of the Inactive Site to extract 

water. The water will be tempararUy stored in holding tanks md either trucked, pumped, or gravity 

fed to the IWTP to be trealed by the processes discussed in GW-4. The treated water would be 

discharged in accordance with MMAG's COPDES permit. The dewatering process would take 

approximately 2 to 3 months to complete. 

Excavation of the waste, contaminated bacldill, and contaminated alluvium at the Inactive 

Site will be necessary in order to treat the materials. (No excavation will be required at the 

Chemical Storage Tank area.) Excavation would be achieved utUizing conventional construction 

equipment such as backhoes IDd front-ad loaders. Controls for VOC emissions during excavation 

actiyities wUl be evaluated during the design phase. 

Material segregation by ·conventional mechanic equipment will be aecessary at the Inactive 

Site. It is anticipated that three stockpile or staging areas will be necessary: one for the 

uncontamimrted cover material, one for the waste, and one for tbe contaminated backfill and 

alluvium. The waste material will be loaded onto plastic-lined trucks IDd transported off-site to an 

incinerator and landfill. The backfill and alluvium will then be treared by dlermal extraction and 

stabilization. The cover material wUl be placed back into the excavation once the excavation and 

treatment processes are complete. (Cover material i!: that soU which is uncontaminated or contains 

constiruents below the action levels specified in Table 8-1.) Materials will be stockpiled only to the 

extent that the site remediation is run in an efficient, cost effective manner. 

The waste in the Inactive Site ponds is considered a R.CllA Listed Hazardous Waste. The 

waste, approximately 2,100 r:y, will be loaded onto lined trucks and transported to an off-site 

incinerator permitted to accept FOOl, FOOS, IDd F0191isted wastes. The waste wlll be treared to 

comply with the FOOl IDd FOOS LDR. treatment standards. If incineration is used IDd residues do 

DOt satisfy the LDR treatment standards for F019 (morganic) wastes, they will be stabilized prior to 

land disposal in a RCllA LaDdfill. These activities will be consistent with Section 121(d)(3) of 

CERCLA. 
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TABLE 8-1 

MARTIN MARIE'ITA ASI'RONAtmCS GROUP SITE 
son. ACTION LEVELS AND TREATMENT STANDARDS 

ORGANIC 
CONTAMINANTS TREATMENT 
OF CONCERN ACTION LEVELS STANDARDS 

VOLATn..E ORGANIC COMPOUNDS TCLP, mgll01 TCLP,mgll(%) 

Acetone 0.59 160 
1, 1-Dichloroethene 7.2 
trans 1,2-Dichloroethene 33 
Tetrachloroethylene 0.7 0.05 
Toluene 0.33 
1, 1,1-Trichloroethane 0.41 
Trichloroethene 0.5 0.091 
Xylenes (total) 28 

SEMI-VOLATll..E ORGANIC COMPOUNDS Total Cone, mg/kg 0, 

Anthracene 4.0 
Benzo(a)amhracene 8.2 
Benzo(a)pyrene 8.2 
Benzo(gbi)perylene l.S 
Benzo(b + k)tluoranthenes 3.4 
Bis(2-ethylbexyJ)pathlate 28 
Chrysene 8.2 
Di-n-butylphthalate 28 
Fluoranthene 3.1 
lndeno( 1 ,2,3-af)pyrene 8.2 
Phenanthrene 3.1 
Pyrene 8.2 
1 ,2,4-Trichlorobenzene 
Phenol 

PCB- 1242 25.0 1.0 
PCB -1248 25.0 1.0 
PCB- 1254 25.0 1.0 
PCB- 1260 2S.O 1.0 

88 



September 12, 1990 

TABLE 8-1 (CIOiltinued) 

MARTIN MARIETI'A ASTRONAtmCS GROUP SITE 
SOIL ACI'ION ~ AND TREATMENT STANDARDS 

ORGANIC 
CONTAMINANTS TREATMENT 
OF CONCERN AcnON LEVELS STANDARDS 

INORGANIC COMPOUNDS TOTAL CONC, mglkg.., TCLP, mglll2l 

Acetone 0.59 

AlumiDum 116000 
Antimony 
Barium 100 

~:l~l:: 1.56 
3.2 1 

Chromium (Total) 60 5 
Copper 4343 
Lead 31 s 
Mercury 
Nickel 

3.7 0.2 

Silver 5 5 
Fluoride 2S 
Nitrate + Nitrate 
Cyanide (total) 
Cyanide (amenable) 

590 mglk~ 
30 mglkgCJl 

NOTE: LDR treatment standards are DOt ARARs for COJlWDiDated soil and debris. However, the 
treatment standards are being used IS target cleanup levels. Treatability variaDce:s for soil 
and debris are available. SS federal Re&isJer. 1760 (March 8, 1990). 

1. Regulatory levels for toxicity c:baracteristie CODStituems IS published at ss fedmJ ReziSler, 
(Marc:h 29, 1990). 

2. TIUimellt standards published iD the at the ss Federa] R!!Jiuer. (June 1, 1990). 

3. Treatment staDdards published at ss federal Register. (JUDe 1, 1990) 

4. Background levels from the remedial investigation report (Geraghty & MUier, 1990a) 

S. Treatment standards for F019 wastes IS published, at SS FedmJ Berister, (June 1, 1990). 
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On-site, approximately 24,400 r:y of contaminated bactfill llld alluvium will be treated by 

thermal extraetion to remove volltile and semivolltile organic contliJninams. Thermal extraetion is a 

low temperature thermal treatment process which volatilizes oraanic conuminants from the son 
matrix. ()peratinJ temperatures are low, preventing combustion of the organic contaminants and 

oxidation of the inorganic contaminants. The process produces an organic-free soil and an off-gas 

that, when treated, generates waste water, clean air, and an organically contaminated sludge. 

A typical. thermal extraction system would consist of an extraction vessel and gas treatment 

system. Material to be thermally treated would be screened and/or undergo size reduction to remove 

large panicles. Several types of thermal extraction processes are available. Selection of the 

equipment will be performed during the design phase. The off gas treatment system removes 

contaminants from the gas stream usually with a condenser and particulate collection equipment. 

Thermal extraction differs from incineration in several ways. One of the major differences is 

that thermal extraction is not a combustion process and, therefore, does- not have stringent permit 

requirements. The thermal extraction process operates at significantly lower temperatures compared 

to incineration. Thermal extraction is accomplished at 3()().6()()•f while incineration requires a 

minimum temperature of 1,200°F. Thermal extraction contributes less to thermal pollution then 

incineration because gas exiting the stack is usually within l0°F of ambient air temperatures. 

Thermal extraction is best suited for low level organic contamination whereas incineration is best for 

high organic materials with significant heat value. 

One of the major differences between thermal extraction and incineration is that thermal 

extraction is a removal technology and incineration is a destruction technology. As a result, the 

organic-laden sludge residue generated from thermal extraction, which is on the order of 0.5 to 10 

percent of the feed volume, requires additional treatment via incineration to achieve destruction to 

levels acceptable for land disposal. Incineration is more efficient than thermal extraction at removing 

organic conuminants. Incineration bas a destruction and removal efficiency (DRE) of 99.99 percent 

compared to a removal efficiency for thermal extraction of up to 99 percent. Mobile or transportable 

units are available for both technologies. 

Following thermal treatment, approximately 24,400 cy of backfill and alluvium would be 

treated by ex-situ stabilization. The stabilization process incorporates the contaminated soil into a 

matrix additives such as Portland cement, water, and propriewy compounds to immobilize the 

contaminants by chemically and physically binding them in-place. 
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StabilizatiOD processes employ ion exchange, nucleation, chemical bonding, and other 

chemical reactions to treat c:ontaminpted materials. llemoving the organic CDDtaiDiDants by thermal 

exuaction will iDcrease the effectiveaess of stabilization. 

Stabilization can be performed in an open pit, in concrete trucks, and in fabricated systems 
designed specifically for stabilization. Both stationary and mobile systems, are available. The 
backfill and alluvium would be mixed with additives in 1 manner to be decermined during t.i-te design 

phase. The mixed product will be placed baet into the excavation and capped. 

The remediation goal for treatment of the c:omamina•ed soil is to meet LDR treatment 

standards for the waste types identified above. If pilot scale treatability studies demonstrate that 

treatment levels specified by LDR standards cannot be achieved, 1 treatment level based upon soil 

and debris variances will be established. The combination of removing organic conramirmtion and 
immobilizing inorganic conwnination will protect ground water from ~ntaminant leaching and 

reduce the potential for direct contact with contaminated soil. 

A multi-layered, engineered cap will be installed to cover any area where treated soil is 

returned to the Inactive Site. 1be cap wnt be consistent with RCRA capping desiJD standards for 
land disposal units. 

A RCRA cap is proposed for covering the Inactive Site area, following replacement of 

treated materials. This may include the five ponds and the area adjacent to the ponds as depicted in 

Figure 8-2. The extent of capping will be determiDed during the desiJD phase. A RCRA cap was 

selected because it is the best demonstrated available teclmoloJY. It provides 1 high degree of 

effectiveness at a reasonable cost and is easily maintained. 

The RCRA cap would consist of an upper vegetated layer underlain by 1 draina&e layer over 

1low permeability layer IS shown in Figure 8-2. The low penr.:ability layer can be composed of 

natural soil, admixed soil, 1 synthetic liner. or any combiDation of these materials. A synthetic liner 

would overlay the low permeability natural soil or soil admix. The synthetic liner allows minimal 

liquid penetration for 1 minimum of 20 years IS long IS it is properly installed and maintained in 

accordance with the manufacturer's instructions. The low pe-meabllity son layer provides additional 
protection in the event the synthetic liner fails. 

Relative to other capping options, the RCRA c:ap requires little ~ce. Since most of 

the cap is composed of natural materials, erosion and settlement are the major concerns. Both 
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concerns would be mjnimirecf by establishin& IDd ma.intaiDiD& a healthy veaetative cover. The cap 
would be inspected regularly for the desiplife of the cap. 

Ground water monitoring will be conducted around the Inactive Site to monitor potential 

contaminant migration from the area. Soil samples will be collected from the Chemical Storase 

Tank area to evaluate the treatmeDt effectiveness. 

The Site will be monitored on a routine basis consisteat with RCRA requirement$ to 
determine if the remedy is effectively reducing contaminant levels in the around water aDd if the 

source conuol measures effectively prec:Jude contaminant loadin& on the erouud water. Post-closure 
monitoring is required and will be performed annually or more frequently. 

During the RI/FS process, bench scale treatability tests were performed on Inactive Site 

materials to study thermal aad stabilization treatment. The analysis of .the tteatability test results is 

reponed in the test repon (Geraghty & Miller, 1987b). In general, the test results were supponive 

of the selected remedy. The thermal treatment testing demonstrated that both semi-volatile and 

volatile organic compounds are removed from poad samples at a treatment temperature of 1022 •F 
(sso•c) but not at 22o•F (104•C)., The test results repon concluded that removal efficiencies of 

greater than 99" were achieved. The stabilization testing results concluded that cement based 
treatment will reduce mobility of contaminants and proposed treatmeDt additive ratios. However. the 

test results cannot be used for the purpose of remedial design. 

Additional treatability testing of thermal vapor extraction and stabilization/solidification must 

be performed to suppon the design phase activities. This treatability testing will be used to verify 

the effectiveness of the treatment processes and establish operating parameters for design of full scale 
equipment. 

In-situ soil vapor cxtrac:tion would be used to remove TCE and 1,1,1,-TCA from the 

Chemical Storage Tank area subsurface soil. The in-situ soil vapor extraction process is depicted in 

Filufe 8-3. A series of cxtrac:tion wells connec:ted to a vacuum pump would be installed in and 
around the Chemical Storage Tank area such d1at the cones of influence would extend over the entire 

contaminated area. A se~ \es of injection wells connec:ted to a blower or vacuum pump would be 

placed in and around the Chemical Storage Tank area and used to induce air flow through the soil to 

strip and volatilize the VOCs imo the air stream. Subsurface air, VOC vapors, and water vapors 

would migrate toward the vacuum extraction wells in response to the negative pressure gradient 

around the well. 
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The contaminated air and vapor would flow to 1 vapor/liquid separator where comminated 
water would be removed. The contaminated water would be treated to meet COPDES limits in 
MMAG's industrial waste water treatment plant. The contaminated air stream would be treated to 
reduce VOC concentratious to air quality ltaDdards. Air emissious would be monitored and 

additional coDUOls would be incorporated as necessary. 

Soil vapor extraction is expected to achieve an estimated 99~ removal of VOCs which will 

provide loDJ term protection of the Jround water· by further reducing the potential for contaminant 

leaching into the saturated zone. 

8.1.2 Alternative GW..C: Continued Operation or Existiq Recovery Well Systems/Installation 
or Additional RecoTery Well Systems In Falter Gulch and Dry Gulch Upgradient From 
the Existing Recovery Well Systems/Addition or a Recovery Well System in the M3 
Area/Treatment By Chemical Reduction, Precipitation, Clarification, Air Stripping, 
Carbon Adsorption, Ion Excbanp, and/or UV Pbotolysis-Oxidation/Discbarge to Brush 
c~ -

Because the eround water supplied b_oth domestic and agricultural water, and there is a 
potential for the eround water to be used for these purposes in the future, alternative GW -4 is 

selected to restore Jround water to its beneficial uses. Presently, the pound water is contaminated 
with VOCs, semi-volatiles IDd chromium at levels that pose sipific:ant health threats were the water 
used is for domestic purposes. 

Ground water Altemative GW-4 wilL preclude contaminated migration off-site in the alluvial 
ground water by removing cqanic and inorganic contaminants from the alluvial ground water to 
meet remediation goals. Additionally, ground water in the Fountain Formation in the vicinity of the 
Cbem Mill and Hydrosw Tank areas highly contaminated with VOCs and chromium will be 

collected and treated. 

The eround water response action is generally limited to the alluvial system, except for 

Jround water in the M3 area. The basis for this decision is the fact that bedrock flow is extremely 
low relative to the alluvial flow, contaminant migration is primarily directed doWIHiip IDd 

subsequemly confined by 1 shale formation as described in section 4.3.1. Additionally, bedrock 
would DOt yield sufficient water t.o be used for domestic or agricultural purposes. However, 

monitoring of bedrock and alluvium will be conducted to evaluate migration of coDWDinants in the 

bedrock, and remediation goals are likely to be met at some point in the future as 1 result of natural 

attenuation and the other response actions. 
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The lfOUDd water will be recovered from the five systems and pumped to the IWTP in the 

M3 area where organic and iDorganic cootaminants will be removed. The IWTP would include air 

stripping, carbon adsorption, ion exchange, UV photolysis/oxidation, chemical reduction, predpita

tion, and clarification processes. Ground water may be treated sep'arately through some of the 

processes. OnJy, chromium comantinated water would proceed through the chromium removal step. 

The treated effluent would be discharged to the Brush Creek MMAG waste water outfall (COPDES 

Permit #0001511), located approximately 100 feet downstream of the Brush Creek recovery system, 

as shown in Figure 8~. 

Ground water modeling indicates that ground water restoration time frames required to attain 

restoration goals are approximately 45 years for on-site ground water and in excess of S years for 

off-site ground water. The model assumes that sources of contamination are completely removed. 

Given this assumptions and others, the length of time required for ground water restoration is only 

an estimate. 

Ground water monitoring wUI be conducted semiannually, at a minimum, through sufficient 

number of wells to track contaminant migration from the site to assess potential risks. Exact wen 

locations will be determined during the design phase. The monitoring would be done in the 

following areas: 

M3, Filter Gulch, and Kassler: 

Alluyjum 

• Up and down-gradient of the Evaporation Pond 

• In the central M3 area near Mod C along Filter Gulch, both above and below the 
Filter Gulch recovery system 

• At the mouth of Filter Gulch in the Kassler area 

Bedrock 

• Downgradient from the Chemical Tanks at the north door of the factory 

• Downgradient from the evaporation pond 

• In the central M3 area near Mod C 

• Downgradient from the former location of the EHT 

• On the south side of Filter Gulch, southeast of the Evaporation Pond 
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• Along Filter Gulch, both above IDd below tbe existing Filter Gulch recovery system 

• At tbe mouth of Filter Gulch in the Kassler area 

Inactive Site Area: 

Alluyium 

• Along alluvial ground water pathways directly north of the ponds approximately 400 
feet downgradient (south) of Pond 1 

• Along Dry Gulch at locations approximately 1,000 feet, 2,100 feet, and 4,000 feet 
downgradient of tbe ponds 

• Along the West Branch of Brush Creek approximately 300 feet south-southeast of 
Pond 1 

Bedrock 

• Approximately 180 feet north of PoDd 4 

• Along the West Branch of Brush Creek, 300 feet south-southeast of Pond 1 

• Approximately 400 feet south-southeast of Pond 1 

• Along Dry Gulch at locations l,OOO feet, 2,100 feet, 2,700 feet, and 4,000 feet 
south-southeast of the ponds 

• In the Lyons Sandstone 1,000 feet east-northeast of the ponds 

Brush Creek (East and West Branches) and Kassler: 

Alluvium 

• Along the West Branch at the confluence with Dry Gulch 

• Above and below the Lower Brush Creek recovery system 

• Along the East Branch, downgradient from the Rifle Range Landfill 

• Along the East Branch above the confluence with the West Branch 

• In the South Platte alluvium along Brush Creek, near the S-sided well and upgradient 
from the Department of Wildlife ponds 

Bedrock 

• Along the West Branch at the confluence with Dry Gulch 

RE:Ol2-COIOOl'-nill\rad4S..IJ9 
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• In the GleaDOD I iJnestoDe Dear tbe West Braacb 

• In tbe South Platte/Lytle Formation below the Lower Brush Creek recovery system 

• Downgradient from the Rifle Range Landfill 

North Central Valley: 

Alluvium 

• AloJll the southern extension of Lariat Gulch, 800 feet aortb of the Air Force 
property boundary aad 1,600 feet north of the bouDdary at the confluence of the 
southern extension with the maiD branch of Lariat Gulch 

Bedrock 

• Along the southern extension of Lariat Gulch 800 feet north of the Air Force 
property boundary 

The RCRA Part B and Post-closure permits will place restrictions on the installation of new 
rrc .. :td water supply wells and provisions for MMAG to provide an alternate water supply should the 
need arise during the implementation of alternative GW4. 

One of the new recovery systemS will be installed iD Dry Gulch iD a more hiJhly 
contaminated area, approximately 3,500 feet southeast of the Inactive Site, aad another will be 

installed in Filter Gulch southeast of the M3 area, approximately 200 feet DOrth of the MMAG 
property boundary .. The new recovery system in Dry Gulch will probably consist of a trench and 
well system similar to the existing Brush Creek system. lbe new system iD Filter Gulch would 
probably consist of a line of recovery wells similar to the existing Filter Gulch system. Water 
purchased from the Denver Water Department would be recharged into the alluvium at Dry Gulch 
and the M3 area to enhance extraction rates and flushiDJ of the alluvium for more rapid restoration. 
Additionally, a recovery system will be installed in the Clean M'lll Sumps and extraction wells wm 
be placed near the HTr area. 

It may also be necessary to install ID extraction system upJDdieat of tbe Inactive Site 
rechqe system to collect .::round water located between the poDds and the rechqe system. The 
need for such a system would be evaluated during the desip phase. Figure 84 provides a summary 
of all the ground water recovery system locations. 

Extracted lfOUDd water will be treated by chemical reduction, precipitation, air stripping, 
carbon adsorption, ion exchange, IDd UV photolysis/oxidation, chemical reduCtion, and chemical 
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precipitation (See Figure 8-S). The process desian and final methods of treatment will be determined 

durin~ desian phase. 

Air stripping is a widely used process for removing VOCs from aqueous streams. The degree 

to which the contaminant enters the gaseous phase depends on a combination of physical and 

chemical characteristics of the contaminant such as the diffusivity, molecular weight, solubility, and 

vapor pressure, as well as the design of the aeration system employed. One of the more important 
characteristics of a volatile organic compouud is its Henry's Law constant. The greater the Henry's 

Law constant for a particular VOC, the easier a VOC is removed from water by aeration. The 

Henry's Law constant is a function of temperature, therefore, the water temperature will also affect 

the amenability of a contaminant to removal by aeration. 

Air stripping is generally used to remove VOCs that have a Henry's Law constant greater 
than 3.0 x 1()'1 atm-m1/mole from aqueous liquids and would effectively remove ground water 

contaminants such as TCE, DCE, and toluene found at the MMAG site. 

The air stripping system in use at MMAG is a counter-current packed tower. Water is 

introduced at the top of the tower and flows by gravity tbrougb packing media, which serves as the 
mass transfer surface area. At .the same time, air is blown upward through the tower in a counter
current flow. The air is exhausted through the top of the tower. The process transfers organic 

contaminants from the wastewater to the air stream. The treated effluent is removed from the 
bottom of the tower, collected in a sump, and pumped to the carbon adsorption unit. 

The principal environmental concern associated with air stripping is the generation of volatile 

organic air emissions. As pan of the final remedy, EPA and CDH have decided to include, as pan 

of the air stripping process, an activated carbon adsorption emission control system. The emission 

control system is added to comply with the national policy (OSWER Dir. 9355.0-28) calling for 

emission controls for air stripping in areas of non-attainment with respect to ambient air quality 
standards. Additionally, the response actions are inteDded to reduce comaminam toxicity, mobility or 
volume in the environment and DOt cause cross-media contamination. This decision is not based 

solely on cancer risk considerations. The justifications for this decision include community 

acceptance and the need to control VOC emissions to red~ce atmospheric impacts on ozone. 

Liquid effluent from the air stripper wni be sent to the carbon adsorber. Carbon adsorption 

removes the organic contaminants from the liquid stream by absorbiDg them onto a high surface area 

activated carbon bed comprised of either JfiDUlar or powdered carbon. Activated carbon will also 

lt£.-Gl1~\rod4S-99 
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adsorb most metals chelated with organic compoUDds. Factors affecting the adsorption process 

include the carbon pore structure, carbon contact time, temperature, and pH. Treated effluent from 

the carbon adsorber wouJd be nat processed in the UV photolysis system. Used carbon material 

would be periodically regenerated or disposed off-site. 

Ultra-violet (UV) photolysis is a process that uses UV radiation to desttoy or detoxify 

organic cootaminants in aqueous solutions. Oxidation is combined with UV photolysis to enhance 

the efficiency and rate of the reactions for compouuds that are difficult to oxidize. UV photolysis 

will be used at MMAG to remove NDMA and UDMH from the grmmd water. 

Treatability studies will be required to select the appropriate design for the UV /Oxidation 

process. Several options exist which include using solar and lamp generated UV light. 

The ion exchange process equipment consists of columns c:ontai;rting solid ion exchange 

resins. These resins contain charged surface sites that are initially occupied by weakly held 

monovalent anions or cations such as chloride, hydroxyl, sodium, or hydrogen ions. The 

contaminant ions displace the original ions from the exchange sites and are removed from the 

wastewater stream as a result of high affinity for the charged sites on the surface of the resins. 

Exchange resins are reversible, and are periodically regenerated for reuse. Both anions and 

cations can be removed from the ground water stream by placing a cation exchange column and 

anion exchange column in series. This type of system would have the capability to remove a wide 

range of inorganic dissolved contaminants suc:b as metallic anions and cations, halides, sulfates, and 

organic acids and bases. The exact configuration of the ion exchange process wiJJ be determined 
during design. 

Regeneration of ion exchange resins produces a concentrated solution of contaminants that 

may require treatment prior to disposal. 

Reduction/oxidation may be used to treat hexavalent chromium in the &roUnd water. In this 

process the oxidation state of one reactant is raised while the other is lowered. This process is used 

to reduce the toxicity of beuvalent chromium by converting it to the ttivlleot state. Typical 

reducing agents used in the process are ferrous sulfate, sulfur dioxide, and sodium chlorohydride. 

The chemical precipitation step is a physicochemical process through which some or all of a 

substance in solution is transformed iDto a solid phase. Precipitation would follow the chemical 

reduction phase to separate the solid metals from the liquid phase. The process is based on altering 
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the chemical equilibrium relatioDships affec:tiDI the 10lubility of iaorpnic species. Precipitation 
would be used to remove abe chromium ad other metals from 10lution. Other illorpnic: 
c:omaminams suc:b u phosphate, sulfate, ad fluoride would be removed u Deeeasary. 

1be removal of metals would be accomplished throup the addition of lime, IOdium 

hydroxide, or IOdium sulfide to the wue:r in a rapid mixing tank alOD& with floeculllilla agents. The 
water would be introduced to a floa:ulation tank where it would be mixed and recained to allow for 

aglomeration of precipitate particles. Sedimeuration or clarification would be used to seule out the 

sludge. Precipitation is nondestructive and geaerates a large wlume of aludge that must be disposed. 

Sludges, waste residues, and speut carbOD resulting from the treatment of the Jround water 

would be analyzed for c:omaminant c:onteDt aDd disposed of acc:ordinaly. Sludges wUl be disposed at 

an off-site permitted hazardous waste TSD facility. Spent carbon and ion exchange resins would 

either be recycled (regenerated), and/or disposed off-site. 

The treated effluent discharged from tbe MMAG IWTP will meet the required treatment 
standards, specified in MMAG's COPDES permit. Modifications to the permit resulting from 
implementation of this remedy are not expected with the exception of the limit for NDMA which 
may be lowered. 

1.2 REMEDIATION GOALS 

The selected remedy includes: (1) removal and tratmeat of waste and contaminated 10il in 
and around tbe Inactive Site Ponds wbic:b act u the comaminatiou source to dle ground water; (2) in

situ removal of c:bJoriDated hydrocarbons from tbe 10il in the Chemical Storage Tank area; (3) and 
recovery and treatment of contaminated around water' on a site-wide basis (excluding Lariat Gulch). 
The remediation goals are set It CODCellttltions based upon chemical-specific ARARs which will 
achieve drinking water stiDdarcls and provide lona term protec:tioD of the JI'OUDd water through 

aource c:ontrol measures. Additionally, tbe removal and cont.ainmeot of contaminanu in 10U on-site 

will preveat finure uncontrolled aposure to bumaDs and wildlife. PiDally, the remedy will protect 
the recreational uses of adjacent areas by preveatinc comaminiJit loadin& OD dle clown lfldieat 
environment both in· lhe &bon term duriD,I implemeatation and in tbe loq term after remediation 
goals are achieved. 

The remediation goals are set It levels necessary to provide long-term procection of human 
health and the euvironmem with, to tbe extent possible, unrestricted use of tbe site and ldjacent areas 
and water miarating from dle site. 
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8.2.1 Soli Remediation Goals (IDadift Site and Chemical Storqe Tank Areas) 

The remediation goals for the lnactive Site Pond area are IS follows: 

1. Dewaterina of the Inactive Site Pond area to remove contaminated perched and 
alluvial pound water to allow for the subsequent removal and treatment of waste and 
comaminated soil (alluvium and backfill). 1bis water will be treated to meet the 
COPDES permit standards before discharge. The limits set in the COPDES permit 
(No. C000001511) are protective of human health and the environment. 

2. The waste sludge that is readily differentiated from soil (i.e., based upon visual 
inspection) will be separated from the contaminated soil (backfill and alluvium) and 
transponed off-site for treatment and disposal at a permitted hazardous waste TSDF. 
The waste will be identified as restricted waste subject to all RCRA LDRs standards 
for treatment and disposal (40 CFR Parts 264 and 268). The off-site facility must 
comply with section 121(d)(3) of CERCLA. 

3. The soil that is conwninated with the hazardous substances/constituents from the 
wastes will be treated to meet the standards, IS describ~ below, and replaced in the 
area of contamination. 

Soil in the Inactive Site area will be analyzed to determine if it meets action levels. The 
action levels for contaminated son are based upon both the RCRA Toxicity Characteristics (TC) 
determination established in 40 CFR Part 261 and bacqround concentrations. The numerical 
standards for each hazardous substance.lconstitueot are determined by the application of the Toxicity 
Characteristic Leachin& Procedure (TCLP). These action levels are selected as being protective of 
the water resources on- and off-site and reducing the poteDliaJ for exposure through other pathways. 

The TC-based action levels were developed using health-based concentration thresholds 
including MCLs, RIDs and Risk-Specific Doses (RSDs) for drinking water <ER SS March 29, 1990 

at 11798 to 11877). The limits for individual contaminant concentrations in the leachate are intended 

to be protective of humans and the environment assuming ground water is a drinking water source. 

SoU that is comaminated iD excess of the action level will be treated to meet the treatment 
standards promulgated for the RCRA hazardous waste UDder the LDRs (Table 8-1). In practice this 
will mean that soil, iDcluding alluvium and weathered bedrock, will be excavated and treated if it is 

contaminated above action levels. ("lbe ability to exc:avale weathered bedrock is uncertain and will 
require evaluation at the time of implementation.) 

The treatment staDdards for restricted RCRA listed hazardous waste, IS defined by LDRs, 
were established based upon BDAT for diserete industrial waste streams, DOt soU and debris, and 

these standards are generally not appropriate for soil (FR 55 p. 8760, March 8, 1990). If the pilot 
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scale treatability audies coDducted durin& dle remedy desip phase demoastrate that it is DOt possible 

or cost-eftec:tive 10 achieve dle LOR treatmeut ltiDdards for listed waste, a new treatment standard 

will be established base upon dle soil aDd debris treatability variance process for CERCLA response 

aDd RCRA corrective actious (OSWER Directive 9347 .3-06FS, July 1989). 

The soils iD the Chemical Storaae Tank area will be treated in-situ remDViDg VOCs to 

approximately 99 ~ removal. The taraet clean up level will be the LDR treatment standards or an 

appropriate level based upon soil IDd debris treatability variance pideliDes. 

8.2.2 Ground Water Remediation Goals 

The remedy selected for the ground water is designed to address contaminated ground water 

emanating from both source areas identified durin& the RifFS aDd units regulated under RCRA 

proJCIDl. In this way, the remedy is a site-wide "'rogram to address ~e most significant ground 

water contamination in the alluvium llld a portion of the bedrock in the M3 area. 

Because lfOUDd water at and near the site is a potential source of drinking water, the 
remediation ,oat for both on- aDd off-site is set to allow use of the JI'OUDd water as drinking water. 
The chemical-specific levels are based upon MCLs and MCLGs under the Safe Drinking Water Act, 
Colorado Secondary DriDkin& Water Scandards, Colorado lfOUDd water staDdards, IDd health based 
concentrations (for NDMA)(see Table 8-2). Where a contamiDam has more than one standard the 

most stringent applies. (Only MCLGs areater than zero are relevant IDd appropriate.) 

The selected remedy iDcluding tteatmeut of contaminated soil aDd JIOUDd water is intended to 

restore ground water to its beneficial uses which iDcluded drinking water and agricultural supply. 

The data obtained during the RI aDd evaluation of tbe remedial alternatives support the conclusion 

that it is possible to achieve the remedial JOal. The remedy will be implemented with the intent of 

achievinc this coal. However, it may become apparent durinc the operation of the remedy that 
contaminant levels have ce:-:ed to decline IDd are remainina CODSWlt at levels higher than the 

remediation goals. In such a case, the system performance staDdards aDd/or the remedy may be 

reevaluated based upon the data collected durin& the rqw.u- IIIODitoring prop-am established as part 
of the remedy. 

A potential tecbnical limitation may prevent the remedy from achieving the remediation goal 
for NDMA iD the lfOUDd water. The lOE~ cancer risk from NDMA in&estion assumiDg exposure 

iD drinking water is estimated at 0.0007 ucll. Usin& the best available malytical procedures, the 
existine reliable quantification limit for compliance monitoring is approximately 0.07 ugll NDMA in 
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TABLE 8-2 

MARTIN MARIE'ITA ASTRONAtmCS GROUP SITE 
GROUND WATER CLEAN-tJP STANDARDS 

Contaminant 
Of Concern 

ORGANIC CHEMICALS 

Benzene 
1 ,2-Dichloroethane 
1, 1-Dichloroethylene 
N-NitrosodimethylamiDe 
1, 1,1-Trichloroethane 
Trichloroethylene 
Vinyl chloride 

INORGANIC CHEMICALS 

Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Cyanide (free) 
Fluoride 
Iron 

. Lead (MCL .~ S 0 source) 
Manganese 
Mercury 
Nitrate 
Nitrite 
Silver 
Zinc 

Ground Water"1 

Concentration Cugm 

s 
s 
7 
0.~ 
200 
s 
2 

50121 

1,00001 

s 
SO"' 
l,oooo> 
200 
4,000 
300") 
s 
sQ"l 
2 
10,000 
1,000 
scF 
s.oooo> 

September 19, 1990 

MCLGs"' 
Cugm 

0 
0 
7 --200 
0 
0 

0 
sooo 
s 
100 
1300 
200 
4000 

4') -
0 

1/6) -
2 
10,000 
1,000 
-~ 
~ -

Re{erences 

1. 

2. 

3. 

4. 

s. 

6. 

Standards taken from (unless otherwise noted) Safe Drinking Water Act Maximum 
Contaminant Level (MCL), Drinking Waur Regulations and Health Advisories, EPA Office 
of Drinking Water, WashingtOn, D.C., April 1990. 

Colorado Human Health StaDdards for Ground Water, Colorado Water Quality Commission, 
The Basic Stm:lards for Ground Water, Section 3.11.0, Jaauary lS, 1987. 

Colorado Sec:oDdary Drinking Water Standards, Colorado Water Quality Commission, Basic 
StandMds for Ground Water, Section 3.11.0, Jaauary 1S, 1981. 

Based on the Integrated Risk 1nformatioD System (IRIS). (Also equivalent to the cancer risk 
level of 10E~ for drinking water). 

Standards taken from the Drinking Water Act Maximum Cowminant Level Goal (MCLG), 
Drinking Water, Regulations and Health Advisories, EPA Office of Drinking Water, 
WashingtOn, D.C., April1990. 

MCLG standards not set for these constituents. 
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water. 'Ibis correspoDds to a 10£-4 cancer risk. 1be ability to treat pOUDd water to remove 
NDMA to a conceDtration equal to or less tbaa 0.07 u&ll bas yet to be demoastrated. 

Ows&es or adjustmalt to the desip or operation of the JrOUDd water recovery aad treatment 
systems may be necessary to achieve the remediation goals. 1b.is will be determiaed aftaer 

implementation aad subsequent evaluation of remedy performance. 

8.3 REVISm COST ESTIMATE 

Table 8-3 is a summary of the total estimated cost for the selected remedy. 

9.0 SI'A11JTORY DETERMINATIONS 

lbe selected remedy will comply with all applicable ac:tion-spec:ific:, chemic:al-spec:ific: and 

loc:atioa-spec:ific ARARs. 

The selected remedy is coasisteat with requiremems of CERCLA (as amended by SARA) and 
the NCP. UDder Section 121(b) of SARA the selected remedy must satisfy the following 

fuadamental criteria: 

1. 

2. 

3. 

4. 

s. 

Protection of humaa health IJid the euviroDJDeDt 

Compliance with ARARs or justify a waiver 

Cost-effectiveness 

Use permanent solutions aad altemative tedmologies or resource recovery 
tecbaologies to the maximum extent practicable 

Satisfy the prefereuce for treatmeat to reduce toxicity, mobility, or volume as a 
principal elemem. or provide aa aplaaation as to why this preference is not satisfied 

9.1 PROTECTION OF HUMAN BEALm AND THE ENVIRONMENT 

If EPA were to select the No Action altemative as the remedy, the comaminms oa-site 

would coatiaue to be released to pound water IDd coDWDiaam mip'atioD would result ia further 
de&radation of water resources on-site aDd off-site. Ec:oloJical impacts c::ould result in the South 
Platte River aDd the Cladield Reservoir. 1be poteDiia1 for human aposure to the contaminants 

would increase aDd the pound water would remain useable in the future. If around water were used 
for domestic purposes, the health risb would exceed acceptable levels for cancer IJid aoacaacerous 
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TABLE 1-3 September 11, 1110 

MARTIN MARIETTA ASTRONAUTICS GROUP liTE 
TOTAL ESTIMATED COlTS FOR BnECTtD REMEDY 

CAPITAL COlTS 

ALTERNATIVE S-!5: DEWATERIEXCAVATE/INCINERATE AND DISPOSE OF WASTE OFF-SITE/THERMALLY EXTRACT CONTAMINATED BACKFILL. ALLUVIUM/EX-SITU 
STABILIZE CONTAMINATED BACKFILL. AllUVIUM/RCRA CAP/IN-SITU SOIL VAPOR EXTRACTION 

1. 

2. 

3. 

4. 

15. 

8. 

7. 

I. 

I. 

10. 

btrectlon Well 

bcevetlon 

Treneportetlon of Weete 

lnclnerete end Dlepo11 of 
W11t1 Off-Site 

Tllermel Extreodon 
•I contllmlnetld beotdlll 
bl lllluvlum 

StlbiHzetlon 
•I contllmlnetld beotdll 
bl.,luvlum 

RCRA Cipplng 

TrlftiiiOrtlllon of 
Sludge Relldue 

lnclneret1 ltld Dlepo11 of 
Relldue OH-Site 

Fenoe 

11. Soli Vepor Extreotlon fmeteri•• end lnet'"•tlon 
coetl for veouum ... , end pump1l 

SUBTOTAl 

12. Contingency CO 20"1 

13. Engineering, legll, 
Admlnl1tretlon CO 25"1 

ALTERNATIVE 8-& TOTAL 

ESTIMATtD 
QUANTITY 

eo wei pointe 

47,500 cy 

2,200 cy 
1115 tripe 

2,100 oy 

1,700 cy 
14,700 cy 

1,700 cy 
14,700 cy 

45,000 eq yd 

750 oy 
eo tripe 

750 oy 

3,500 h 
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UNIT PRICE 

U30 

40/cy 

3,400/trip 

1,100/cy 

425/cy• • 

275/cy• • 

40/eq yd 

3,400 /trip 

1,100/cy 

101ft 

COlT 

t50,ooo 

t1,100,000 

1800,000 

3,800,000 

4,100,000 
11,200,000 

2,700,000 
4,000,000 

1,100,000 

200,000 

1,400,000 

3!5,000 

15,000 

UII,IIS,OOO 

5,377,000 

11,721,000 

t38,983,000 

AL TERNATM 
TOTAL COlt 

t38,983,000 
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TAll! I·S tCOftdnuetll 

MARTIN MARIETTA ASTRONAUT'IC8 GROUP lrTE 
TOTAL ESTIMATED COITI FOR SELECTED REMEDY 

CAPITAL COSTI 

ESTIMATED 
IBM QUANUIJ UNIT PfUCE 

ALTERN AnY! OW-4: f'UMPINOIEXTRACnON/TREA TMENT SYSTEM 

14. EJrtreotlon ly.ttrM 

15. ""'"' tChem Ml Ar••l 
Plplnt tR.nllnlna Areet 

11. Pipe Trench 

17. Air St..,., ly.t.n 

11. Actfv,., .J Cerbon Flier Syet.n 

11. UY/Or-rlon ly.t.n 

20. Bulldlnt Enalolure 

21. Utlld" 

22. Contl,..enolee tO 20~1 

23. Englneerlnt, ~~~ A 
Adrnlnl1tretlon 0 25~1 

AL T!RNAllYf GW-4 TOTAL 

IB.ECTED REMEDY TOTAL CAPITAL COlT 

1,000 ft 
7,000 ft 

15,700 ft 

SUBTOTAL 

109 

11.50/ft 
U.SO/ft 

11.S0tft 

COlT 

1510,000 

1.500 
24,500 

7,100 

31,000 

27,500 

184,000 

50,000 

30,000 

tiOs.ooo 
111,000 

221,000 

t1.300,000 

s.., • ..,.,., 11. 1110 

TOTAl. COli 

' 1.300.000 

t40,liS.OOO 



TABLE 1-3 f.-ttlnuetfl 

MARTIN MARIIETTA AITRONAunCI GROUP SITE 
TOTAL ESTIMATED COSTS FOR lruCTED REMEDY 

OPERATION AND MAINTE:NANC! COSTS 

September 11, 1890 

ALTERNAnVE S-5: DEWATERIEXCAVATEIINCINERATE AND DISPOSE OF WASTE OFF-SITE/THERMALLY EXTRACT CONTAMINATED BACKFILL & ALLUVIUM/EX-SITU STABILIZE 
CONTAMINATED BACKFILL & ALLUVIUMIACAA CAP/IN-SITU SOIL VAPOR EXTRACTION 

TOTAL ANNUAL 
ITEM ANNUAL COST O&M COST 

1- Ground W1ter Sempllng a An.,Y-'• t17,000 

2. CliP Melntenence 50,000 

3. Report Preper•tlon 10,000 

4. Fence ,...,.,,. 4,000 

5. Ground Wiler S.,ang & An...,.., 5,000 

II. Equipment Aep .. rt 1,000 

7. El•ctrlclty 1,000 

I. Report Prep•retlon 3,000 

•• Contingency c• 20%t 11,000 

10. Engineering, legll, Admlnletredon 
•• 25%t I 23,000 

ALTIRNAIIVE 1-1 TOTAL 1132.000 1132,000 
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TAIU! 8·3 laontlnuedl 

MARTIN MARETTA AITRDNAl111C8 OR,. lfTI 
TOTAL ESTIMATED COSTS FOR SELECTED REMEDY 

OPfRA.noN AND MAieTtNANce CO.TS 

ALTERNAnVE OW-4: I'UMPINO EXTRACnON/TRfATM£NT SYSTEM 

11. 

12. 

13. 

14. 

115. 

11. 

IBM 

Extreodon Syeteme 

Piping, lnepecdon, Teedng 
end Melntenence 

Treetment Syeteme 

Ground Weter Montoftng 

SUBTOTAL 

Condngenoy •• 20"1 

Engtneertng, L .... a AchftnletJedon 
•• 25"1 

AlTE'RNA11YI QW-4 TOTAL 

INCTJD REMEDY WAL otM CQIU 

IUMMARY OF 8B.ICTID REMEDY 

TOTALCA"'ALCOSTS 

TOTAL OPERAnON AND 
MAINTENANCE COSTS 

TOTAL C08T • Net PreNnt Vetu. 

ANNUAL COST 

U7,000 

7,000 

1580,000 

t1'5e,ooo 

t7tO,OOO 

tt'58,000 

t118,000 

n.too.ooo 

t1.232,000 

t40,283,000 

t t, 23 2,000/YR 

t&t.222.000 

tNet pre .. nt value o .. culeted uelng IS" dlecount value end • 30 yeer 
project Nfe, preeent worth fector • 15.37251 

\ 
I 

TOTAL ANNUAL 
oaM COST 

t1.100,000 

t1.232,000 
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threals ("m otber words CIDcet' risks above 1 X 1()"'). 

1be selected remedy wnt substantially decrease the release and threat of release of hazardous 

substances, pollutants and cont.amiNnts. from the soil and JfOund water at the Site. 1be current 

threats and any potential future threats associated with domestic use of the ground water will be 

addressed by treating and removing the sources of ground water contamination and treating the 

ground water to meet drinking water standards. In terms of short term effectiveness, the remedy is 
adequate as there are DO current users of the ground water, an alternate water supply will be 

provided if needed, and comaminant migration and release will be reduced with the implementation 

of the remedy. Threats to the environment or human health on and around the site are not expected 

during the implementation of the remedy because the emissions and discharges will meet health based 

and regulatory standards. 

Achieving the goals of remediation for the ground water remediation is estimated to require 

45 years. However, the source control measures at the Inactive Site Ponds will be completed in 

approximately 4 years. The combination of two alternatives will proviae short-term and long-term 

protection of the environment and human health. 

As an additional measure, because the selected remedial action results in hazardous 
substance, pollutants or contaminants remaining at the site, the remediation will be reviewed at least 

every 5 years after the initiation of the remedy to assure human health and the environment are being 
protected. 

9.2 COMPLIANCE WITH APPUCABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARARs) OF ENVIRONMENTAL LAWS 

Under Section 12l(d)(l) of the CERCLA, remedial actions that leave any hazardous 

substance, pollutant or contaminant on site must attain a level of control that at least attains 
standards, requirements, limitations, or criteria that are •applicable or relevant and appropriate• 

under the circumstances of the release. A remedial action 1hat does DOt attain ARARs may be 
selected only if a statutory waiver is available and determined to be appropriate. 

• Applicable• requirements are those clean-up stmdards, sQDdards of control and other 

substantive environmental protection requirements, criteria, or limitations promulgated under Federal 
or State law that specifically address a hazardous substance, pollutant or contaminant, remedial 

action, location, or other circumstance at a remedial action site. •R.elevant and appropriate• 

requirements are clean-up standards of control aDd other substantive euviroamental protection 

requirements, criteria, or limitations promulgated UDder Federal or State law that, while not 
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•applicable• to a hazardous substance, pollutant, contaminant, remedial action, location, or other 

circ:amstance at a remedial action site, address problems or situations suffic:ieatly similar to those . 
encountered at the site that their use is well-suited to tbe particular site. See tbe NCP (40 CFR 

Section 300.430) for further information. 

The selected remedy will comply with all applicable or relevant IDd appropriate action· 

specific, cbemical-spec:ific: and location-specific ARARs (Table 9·1). 1be actioiHpecific ARARs 

apply to operatiD& specific teclmoloJies such IS inc:in~on or laDdfilliD& of hazardous waste. 
Cbemical.specific ARAR.s are those which set limits on conceatrations for individual chemicals such 

IS MCLs for drinking water. Finally, the location·specific ARARs relate to activities that are 

restricted from oc:c:urring based upon site conditions such as flood plains or wetlands. 

9.2.1 Resourc:e Conservation and Recovery Act (RCRA) and Toxic Substance Control Act 
(TSCA) 

Off-site transportation, treatment. storage aDd disposal of listed hazardous waste and PCBs is 
subject to RCRA, TSCA and CHW A and applicable regulations, as well IS Section 121(d)(3} of 

CERCLA. 

On-site treatment of soil containing ltCRA hazardous waste and other contaminants, and the 
redepositing of the treated soil in the area of contamination, will attain AltARs under RCRA. The 

waste removed from the area of contamination will be created and disposed off-site. 1be soil will be 

treated to meet LDR standards (for the listed waste type) or protective standards based on a soil and 

debris treatability variance. 

RCRA requiremems are applicable because soil excavated and treated (by stabilization) will 
contain a hazardous waste and will be redeposited in the area of commination. (CERCLA 

Compliance with Other Laws, Draft, U.S. EPA OSWER Directive 9234.1-()f, August 1988). 

Closure standards for laudfills IDd surface impoundments are applicable. However, redepositing the 
created soil in the area of contamination does DOt triger minimum technology requirements because 

it is not a replacement. unit and no additional waste from outside tbe unit is added (Superfund 

Records of Decision Update. U.S. EPA Publication 9200.5·2161, June 1990). Therefore, tbe design 

and operating requirements for Subtitle C landfills (40 CFR Section 301) are not applicable. Also, 
the RCRA storage unit requiremeats are no: ~plicable for the purposes of accumulating sufficient 
waste prior to treatment (U.S. EPA, OSWER. Directive 9234.1.01 Aqust 1988, p. 2·12). 

Furthermore, the material that is ideatified IS waste and the organic CODtamination extracted from the 
soil will be abipped off-site for treatment and disposal in accordaDce with ltCRA land disposal 
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Standard, Rt\':irement 
Criteria. ormitation 

TABLE 9·1 

MARTIN MARIETTA ASTRONAUfiCS GROUP SITE 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

FEDERAL AND STATE 

Citation Description 

Applicable/ 
Relevant and 
AppfQPriate 

A. fcderaJ Contaminant Specific ARAR's 

Safe Drinking Water Act 

National Primary Drinkin1 Water 
Standards 

National Secondary Drinking 
Water Standards 

Maximum Conwnfnant Level Goals 

Clean Water Act 

42 u.s.c. 11300f· 
300j-26 

40 C.F.R. 
Part 141 

40 C.F.R. 
Part 143 

Pub. I. No. 99-339, 
100 Stat, 642 (1986) 

33 u.s.c. 
II 1251-1376 

Establishes standards for NO/YES 
drinking water 

Establishes standards NO/YES 
for public water supply 
systems (maximum con-
taminant levels). 

Establishes welfare-based NO/YES 
standards for public water 
supply systems (secondary 
maximum contaminant levels). 

Establishes drinking water NO/YES 
quality 1oals set at levels · 
of no known or anticipated 
adverse health effects, with 
an adequate margin of safety. 
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Comment 

Relevant and appropriate for 
ground water that is current or 
potential source of drinking 
water. 

MCLs are relevant and appro
priate for ground water that Is 
current or potential source of 
drinking water. 

SMCLs are relevant and 
appropriate for ground water 
that is a current or potential 
source of drinkin' water. For 
states that have ldopted 
SMCLs as additional drintfna 
water standards, SMCLa are 
potential state ARARs. 

MCLGs above zero are rele
vant and appropriate for· 
ground water that is or may be 
used for drinking. MCLGs = 
zero are TBC. 

RE:O 12-COIOOl\martiJI\rodlbl. 9-1 
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TABLE 9-1 

MARTIN MARIE'ITA ASTRONAUI'ICS GROUP SITE 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

FEDERAL AND STATE 

Standard, R~lrement 
Criteria. or Limitation 

Water Quality Criteria 

Clean Air Act 

National Ambient Air Quality 
Standards (NAAQS) 

National Emissions Standards 
for Hazardous Air Pollutants 
(NESHAPI) 

B. federal Location Specific ABAR'a 

NONB 

C. fecleral Action Specific ABAR'a 

Solid Waste Disposal Act c·swoA •) 

Citation 

40 C.P.R. 
Pan 131 

42 u.s.c. 
II 7401-7642 

Applicable/ 
Relevant and 

DescriPtion Appi'Oj!riate 

Provides for establishment NO/YES 
of warer quality based on 
toxicity to aquatic organisms 
and human health. 

40 C.P.R. Pan SO Establishes standards for VESt
ambient air quality applic
lpplicable to air emissions 
from cleanup operations. 

40 CPR Part 61 Sets emission standards for YES/
desiJIIIled hazardous pollu-

40 u.s.c. 
§16901~987 

tants. 
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Comment 

FWQC for human health are 
relevant and IDDfODrille for 1 
current or pot~ntl11l drinking 
water supply . . J prom-
ulgated MCL exists. . 

Requirements related to attain
ment of NAAQS are ~ppllc
able when the remedial · 
lctivity It a CERCLA site 
(e.g. air stripplllJ Ia a maJor 
source of emissions, conslder
ing the aggregnte of all 
source emissions at the alte. 

There exists proposed 1011n:e1 
at the site which will emit 
hazardous air pollutants. 



Standard, R~irement 
Criteria. or Limitation 

Standards Applicable 
to Generators of 
Hazardous Waste 

Standards Applicable 
to Transporters of 
Hazardous Waste 

Standards for Owners and 
Operators of Hazardous 
Waste 

• General Facility 
Standards • Financial 
Requirements 

• Use and Management 
of Containers 

• Tanks 

TABLE 9·1 

MARTIN MARIE'ITA ASTRONAUfiCS GROUP SITE 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

FEDERAL AND STATE 

Citation 

40C.F.R. 
Part 262 

40 C.F.R. 
Parts 262, 263 
and 268 

40 C.P.R. 
Part 264 

Subparts B 
through E 

Subpart I 

Subpart J 

Applicable/ 
Relevant and 

DescriPtion Appropriate 

Establishes standards for YES/-
generators of hazardous 
waste (waste determination 
and manifesting.) 

Hazardous waste shipped YES/· 
off-site must comply with 
this section which adopts DOT 
transportation standards and 
manifesting requirements. 

Establishes minimum YES/· 
standards which define the 
acceptable management of 
hazardous waste for owners 
and operators of facilities 
which treat, store, or 
dispose of hazardous waste. 

Establishes standards 
for storage of hazardous 
waste or materials 
in containers. 

Establishes standards for 
use of tanks to treat or 
store hazardous wastes. 
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Comment 

Excavation or consolidation of 
soil and sludge may constitute 
generation of a RCRA hazard
ous waste. 

Applicable where hazardous 
waste is sent off-site. 

Hazardous waste Is treated 
on and off-site. 

If hazardous waste Is treated, 
stored or disposed of, dae 
regulation for design and 
operation for that unit or 
process are applicable. 

If containers are used to store 
waste, requirements will be 
followed. 

If waste is treated in a tank, 
substantive standards apply. 
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TABLE 9-1 
September 19, 1990 

MARTIN MARIE'ITA ASTRONAtmCS GROUP SITE 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

FEDERAL AND STATE 

Standard, Rt\':irement 
Applicable/ 
Relevant and 

Criteria. ormitation Citation Desqlotlon Appropriate Com men« 
• Surface lmpoundmentJ Subpart K Establishes standards to 

treat, store, or dispose 
of huardous wastes. 

YES/- If waste is treated In a tank, 
substantive standards lpply. 

• Waste Piles Subpart L Establishes standards for YES/- Temporary storage f.rior to 
storage or treatment of treatment is not sub oct to 
hazardous waste In piles. standards. 

• Landfills Subpart N Establishes standards for 
disposal of hazardous wastes 
in a landfill. 

NO/NO Off-site disposal is pllllfted. 

• lnclneraton SubpartO Establishes standards for NO/NO Off-ske incineration Is plan-
inclneraton. ned. Applies to TSD of 

wastes. 

• Land Disposal Subpart C Identifies hazardous wastes YES/- A::rlies to TSD of waste and 
Restrictions - restricted from land disposal soi containing waste. 

and circumstances under 
which waste may be land 
disposed. 

Hazardous Waste TSDP !"Organic 40CFR Standards for emissions YES/- Air stripping and thermal ex-
Air Emission Standards for Parts 264 from air stripping of VoCs. traction are employed by the 
Process Vents, Equipment Leaks Subpart AA remedy. 

Toxic Substances Control IS U.~.C. TBC For soil containing waste, 
Act II 2601-2629 LDR levels are target for 

clean-up. 
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TABLE 9-1 

MARTIN MARIE'ITA ASTRONAt.mCS GROUP SITE 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

FEDERAL AND STATE 

Standard, Rt\':irement 
Applicable/ 
Relevant and 

Criteria. ormitation Citation Description Aponmriate Comment 

PCB Requirements .CO C.F.R. Establishes storage and NO/YES If PCBs are found at c:oncen-
Part 761 disposal requirements for trations above SO ppm, these 

PCB's. PCB's are not will be applicable. 
present in significant 
quantities at the site. 

Clean Air Act 42 u.s.cc. 
II 7-401-7642 

National Emission .CO C.F.R. Sets emission standards for YES/- There exists proposed BOUrces 
Standards for Part 61 designated hazardous poilu- at the site which will emit 
Hazardous Air Pollutants tants hazardous air pollutants. 

National Ambient Air .COCFR Sets emission standards for YES/- ~licable to TSD facilities 
Quality Standards (NAAQS) Part SO carbon monoxide, lead, MMAO. MMAO is is a 

nitrogen, dioxide, parti- non-attainment area. 
culate matter, ozone, and 
sulfur oxides. 

Occupational Safety 29 u.s.c. Regulates worker health YES/- Hazardous waste site ICtfvkles 
and Health Act 11651-678 and safety. worker protection wilf apply. 

(40 CFR 300.38) 

Hazardous Materials 49 u.s.c. 
Transportation Act II 1801-1813 

Hazardous Materials 49 C.F.R. Parts ReCiates transportation YES/- These standards are applicable 
Transportation 107, 171-177 of azardous materials. to ofT-site transportation of 
Regulations waste. 
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Standard, Rehlrement 
Criteria. ormitation 

TABLE '-I 

MARTIN MARIE1TA ASTRONAtmCS GROUP SITE 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

FEDERAL AND STATE 

Citation Description 

Applicable/ 
Relevant and 
AppfOJZriate 

D. State Contaminant Specific ARAR'a 

Colorado Safe Drinking 
Water Authorities 

Primary Drinking 
Water Regulations 

Colorado Water Quality 
Control Act 

811lc Standards 
for Groundwater 

B11lc Standards and 
MethodoiOiies 

Anti Degradation 
Standard 

C.R.S. 
I 2S-l-107(x), (y) 

5 CCR 1003-1 

C.R.S. II 2S-8-IOI 
to -703 

Section 3.11.0 

5 CCR 1002-8 

5 CCR 1002-8 

Establishes health-based NO/YES 
standards for public water 
supplies. 

YES/-

Establishes 1 system for YES/-
class;in11round water 
and ting water quality 
standar s to protect exist
ing and potential benefic
Ial uses. 

Establishes basic standards YES/-
for introduction of sub-
stances attributable to 
human-Induced discharges 
Into waters of the State. , 

Prohibits water quality 
degradation which would 
interfere with or become 
injurious to existing uses. 
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YES/-
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Comment 

Treated lf'OIInd water dis
charged to surface water must 
comply 

Beneficial uses Include domes
tic and agricultural. 

Discharges will occur 11 part 
of the remedy. 



Standard, R~irement 
Criteria. ormitation 

Ambient Air Quality Standards 

TABLE 9-t 

MARTIN MARIETI'A ASTRONAUI'ICS GROUP SITE 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

FEDERAL AND STATE 

Citation 

S CCR 1001-14 

Applicable/ 
Relevant and 

Description Appropriate 

Sets ambient standards for YES/-
total suspended particulates, 
sulfur dioxide, oxidates, 
carbon monoxide, and nltro-
Jen dioxide. 

E. State Location Specific AMR'a 

NONE 

F. State Action Specific ARAR'a 

Colorado Hazardous Wute Act 
(HWA) 

Rules & Replations 
PertaininJ to 
Hazardous Wute 

• Standards Applicable 
to Generators of 
Hazardous Wute 

• Standards Applicable 
to Transporters of 
Hazardous Waste 

C.R.S. I2S-IS-IOI 
to -313 

6 CCR 1007-3 

Part 262 

Part 99, 262, 
263 and 268 

YES/-

YES/-
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Comment 

MMAG is in a non-attainment 
area. 

These requirements wUI1pply 
to waste excavated and gener
ated during the response 
action. 

Off-site shipments of waste 
must be manifested u hazard
dous waste and comply with 
all transportation standards. 
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TABLE 9-1 

MARTIN MARIE'ITA ASTRONAunCS GROUP SITE 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

FEDERAL AND STATE 

Standard, R~irement 
Applicable/ 
Relevant and 

Criteria. or Limitation Citation Description Anpro.pdate Comment 

• Standards for Owners Part 264 See standards below 
and Operators of 
Hazardous Waste Treat-
ment, Storage and 
Disposal Faciliti~ · 

• Oeneral Facility Subparts 8 NO/YES 
Standards - Financial through E 
Requirements 

• Release from Solid Subpart F Standards applying to YES/- The Inactive Site Ponds are 
Waste Management Units units which store waste SWMUs. 

from which a release has 
occurred (includinJ. 
ground water momtoring 
and protection standards). 

• Closure and Post-closure Subpart 0 Standards that apply to 
the controls and monitor-

YES/- Treated soil cont.ainl:f waste 
returned to the area con-

ing of waste in a unit tamination is subject ~ these 
that is no longer operational. standards. 

• Use and Management Subpart I Establishes standards YES/- If containers are used to store 
of Containers for storage of hazardous waste, requirements wUI be 

waste or materials in followed. 
containers. 

•Tanks Subpart J Establishes standards for YES/- If waste is treated In a tank, 
use of tanks to treat or substantive standards apply. 
store hazardous wastes. 
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Standard, R~irement 
Crjterja. ormitation 

• Surface Impoundments 

• Waste Piles 

• Landfills 

• Incinerators 

• Colorado Financial 
Requirements 

Colorado Water Quality Control 
Act 

State Discharge 
Permit Regulations 

Colorado Air Quality Control 
Act 

TABLE 9-1 

MARTIN MARIE'ITA ASTRONAUI'ICS GROUP SITE 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

FEDERAL AND STATE 

Citation 

Subpart K 

Subpart L 

Subpart N 

SubpartO 

Part266 

C.R.S. II 25-8-101 
to -703 

S CCR 1002-2 

C.R.S. I§ 25-7-101 
to -SOS 

Applicable/ 
Relevant and 

Description Appnmriate 

Establishes standards to YES/-
treat, store, or dispose 
of hazardous wastes. 

Establishes standards for NO/YES 
storage or treatment of 
hazardous waste in piles. 

Establishes standards for YES/-
disposal of hazardous wastes 
In a landfill. 

Establishes standards for NO/NO 
incinerators. 

Point source discharges · 
of wastewater require a 
permit which establishes 
standards for specific 
parameters. 
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YES/-

YES/-
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Comment 

If waste Is treated in 1 tank, 
substantive standards apply. 

Temporary storage prior to 
treatment is not subject to 
standards. 

The existing area of contmtln
ation will be closed as 1 land
fill following treatment andre
depositing of the soil 
(§ 265.310). 

Off-site treatment of waste Is 
planned. 

Treated ground water dis
charge limits will complf with 
the COPDES permit limtts or 
be more stringent. 
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TABLE 9-l 
September 19, 1990 

MARTIN MARIE'ITA ASTRONAUI'ICS GROUP SITE 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

FFJ>ERAL AND STATE 

Standard, R~uirement 
Applicable/ 
Relevant and 

Criteria. or Ltmitatjon Citation Descriotion Appropriate Comment 

Regulation No. I S CCR 1001-3 Establishes emission CO"'trol YES/- Thermal extraction of or1anlcs 
regulations for particulates, will meet these standlrds. 
smokes, carbon monoxide, 
sulfur oxides, and fugitive 
particulate emissions. 

Regulation No. 2 S CCR 1001-4 Establishes odor emission YES/-
regulations. 

Regulation No. 3 S CCR 1001-S Establishes permit require- YES/- Air strippin1 and thermal ex-
ments for construction or traction employ source 
modification of station:'l, emission. 
sources and regulations r 
prevention of significant 
deterioration. 

Regulation No.6 S CCR 1001·8 Establishes new source Eer- YES/-
fonnance standards for n-
c:inerators, storage vessels 
for petroleum liquids, sewage 
treatment plants, new fuel-
burning equipment, and new 
sources of sulfur dioxide. 

Regulation No. 7 S CCR 1001-9 Regulations to control YES/- VOCs are beinc trellecl on-
emissions of volatile. site. 
organic compounds. 

Regulation No. 8 SCCR 1001-10 Sets forth emission control YES/- These contaminants are 
requirements for hazardous present on-site. 
air pollutants, including 
beryllium, mercury and lead. 
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Standard, R~lrement 
Criteria. or Lamilation 

Colorado Noise Abatement 

Water Well and Pump 

Water Well and Pump 
Installation Contractors 
Regulations 

Well Permit Replation 

TABLE 9-1 

MARTIN MARIRTI'A A~ONAt.ri'ICS GROUP SITE 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

FEDERAL AND STATE 

Citation Description 

Applicable/ 
Relevant and 
Aporopriate 

C.R.S. If 25-12-101 Establishes muimum YES/-
to -108 permissible noise levels 

for particular time periods 
and land use :r.one. 

C.R.S. II 37-91-101 Establishes license require- YES/-
ments for well construction 
and pump installation con-
tractors and minimum stan-
dards for well construction 
and abandonment to protect 
against pollution. 

2 CCR 402-2 Establishes regulations for YES/-
construction and abandonment 
of wells. 

2 CCR 402-4 YES/-
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Comment 

If the remedy causes noise. 

Applies to recovery and moni
toring wells for eround water. 

Applies to recovery and moni
toring wells for ground water. 

Applies to recovery and moni
toring wells for ground water. 
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restrictions. 

LDRs are applicable to the remedy because the action requires treatina waste listed in 40 

CFR Pan 261. lbe soil contains listed waste and will be treated in accordance with LDR standards 

applicable to soil and debris. Presently, the remedy sets the treaaneut goal at the levels established 

by EPA in the OSWER Directive: 9347.3~S may be used if during the desip phase it is 

determined necessary in order to implement this remedy. The hazardous waste storage standards are 

not applicable to accumulation of waste prior to treatment, the remedy will meet relevant and 

appropriate requirements to ensure protection of human health and the environment. 

There are no action-specific ARARs addressin& the stabilization process. ARARs penaining 

to air emissions and noise generation will be complied with. OSHA requirements will also be met. 

9.1.1 Clean Water Act (CW A) and Sare Drinkin& Water Act (SDWA) 

Discharges from the treatment of water from the Inactive Site or ground water contaminated 

with RCRA hazardous waste, wiJI meet limits established under the State and Federal Clean Water 

Acts. Discharge limits for each chemical parameter are established in the COPDES permit. 

Additionally, the discharge will be required to comply with water quality criteria for protection of 

human health. 

Ground water will be treated to meet chemical-specific standards specified by the Safe 

Drinking Water Act (these being, MCLGs, MCLs) and a health-based concentration threshold for 

NDMA and State Standards, whichever are more stringent. (ODly MCLGs which are above zero are 

relevant and appropriate.) 

9.2.3 Clean Air Act (CAA) 

Air emissions from the thermal extraction system, the air stripper for ground water and the 

soil vapor extraction system will comply with requirements specified in Table 9-1. Spent carbon 

from the granular activated carboD treaaneDt of vapors will either be disposed of via incineration and 

disposal (landfill) or re,enerated at an off-site location. 

9.3 cosr -EFFECI'IVENESS 

lbe selected remedy offers the best combination of effectiveness, implementabllity and cost 

iD comparison with the alternatives evaluated. The remedy mitigates and minimizes threats to and is 

protective of public health and the environment. 
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AJtematives S-S IDd GW -4 provide a hip dear- of overall effectiveness based upon the 

criteria of loq-term effectiveness aDd permanence, reduction in toxicity, mobility IDd volume 

through treatment of the contaminants on-site, aDd achievement of shon-term effectiveness during 

implementation. 

Compared with alternative S-4 which would be equaUy as effective, s-s is Jess costly. 

Alternative S-S is nearly equivalent in cost to S-3 aDd provides better long-term effectiveness. 

Alternative GW-4 provides the most extensive cleanup of groUDd water of any alternative and has 

one of the shonest restoration timeframes. Alternative GW-3 is the only alternative with comparable 

effectiveness; however, it does not address an area of highly contaminated bedrock ground water 

which is addressed in GW ~. 

9.4 USE OF PERMANENT SOLt.mONS AND ALTERNATIVE TREATMENT 
TECHNOWGIES OR RESOURCE RECOVERY TECHNOLOGIES TO 1HE 
MAXIMUM En'ENT PRACI'ICABLE 

The selected remedy uses treatment and alternative technologies to tbe maximum extent 

practicable to achieve a permanent solution which is cost-effective. The treatment processes 

employed by this remedy will remove organic contamination from the soil up to an estimated 99 ~ 

removal efficiency and immobilize the remaining contaminarm both inorganic (metals) and organic 

with chemical and physical stabilizing processes. Removal and destruction of waste and the reduced 

mobility of contaminants both from the soil and ground water will provide a permanent solution to 

the maximum extent possible. 

Although other alternatives would provide a protective remedy by reducing mobility of 

contaminants, no other remedy was as cost-effective in providing permanence through reduction in 

toxicity and volume of contaminants. 

9.5 PREFERENCE FOR TREATMENT AS PRINCIPAL ELEMENT 

As describe above, the selected remedy includes eneasive tteabDent of both soil and ground 

water to reduce the toxicity, mobility and volume of contaminants at the site. The remedy includes 

the use of thermal extraction for organic contaminants and cement-based stabilization for inorganic 

contaminants in the Jnactive Site soil. Chlorinated organic contaminants (TCE aDd 1,1,1-TCA) will 

be removed and contained from the Chemical Storage Tank area using in-situ soil vapor extraction. 

The groUDd water will be treated for VOCs, semi-volatiles and iDOrganic c:ontaminants with a 

specialized process using UV photolysis and oxidation to treat NDMA. 
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' 

The remedy 1hat lllisfies the prefereDce for treatmem • a ~ciple elemem by requiring the 
treatment of each contaminant to the maximum UteDt practicable. 

9.6 CONCWSION 

The selected remedy will meet the statutory requiremeDts IS specified in Section 121 of 

CERCLA by satisfyin& the threshold aDd balancing criteria for remedy ael~n IS required by 

section 300.430(e) of the NCP. The State of Colorado has also accepted this remedy and has 

participated in its selection. 
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Martin Marietta Astronautics Group Site 
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September 19, 1990 

The community relations responsiveness summary for the site is divided into two sections; 

1. a brief description of the site and the selected remedy, and 2. a summary of the oral and written 
comments received during the public comment period concerning the Proposed Plan prepared by 

EPA. 

1. Overview 

The Martin Marietta Astronautics Group (MMAG) site is located in Jefferson County near 
the mouth ofWaterton Canyon on Highway 121 approximately 25 miles southwest of Denver. The 

site occupies approximately 5200 acres and bas operated since the 1950s. Operations have included 
the manufacturing of rockets for the U.S. Air Force and research and development associated with 
aerospace equipment and fuels. 

The facility is regulated under the Resource Conservation and Recovery Act (RCRA) as a 
treatment, storage and disposal facility. During the operatinJ period prior to RCRA, the waste 
which could not be treated in the wastewater treatment plant on site was disposed of in five ponds 
located on site. The area is now called the Inactive Site Ponds and is a major source of ground 
Water and soil contamination. There are several other sources of contamination on site which were 
investigated during the remedial investigation or area being investigated under closure requirements 

of the RCRA program. 

The primary contaminants found at the site are volatile organic compounds (VOCs) including 

trichloroethene (TCE), 1,1,1-trichlorotbane (TCA) and the degradation compounds from these 
chemicals; semi-volatile chemicals includin& N-Ditrosodimethylamine (NDMA) which is a chemical 

associated with hydraziDe fuels, and inorpliic: chemicals such as hexavalent chromium. The 
contamination is highly concentrated in the Inactive Site area soil and around water. Another area 
with high levels of c:Ontamination in the ground water is the Manufacturing (M3) area. There are 

low levels of contamination found off site in the Denver Water Department (DWD) Kassler property. 

There is a separate site located within the MMAG propeny which~ federal facility and is on 
the NationaJ Priorities List. The site is approximareJy 464 acres and is owned by the U.S. Air 
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Force. A separate program is in place to require the investigation of the site and select a remedy for 

the remediation of the site. 

On June 28, 1990 EPA proposed the preferred alternative for remediating the site. The 
proposed remedy iDcluded Alternative S·S for the Inactive Site and Chemical Storaae Tank areas and 

Alternative GW -4 to address grouDd water. Both alternatives include extensive treatment of 

contaminated media. 

Alternative S·S requires that contaminated soils in the Inactive Site area be excavated and that 

waste be separated for treatment and disposal off site. The contaminated soil that remains on site 

will be treated by thermal extraction to remove organic chemicals and solidified to immobilize 
inorganic conuminants. The treated soil will be returned to the area of conumination and capped 
with a multi-layered cap. Residues from the treatment process wi': be.. transpOn.ed off site for 

treatment and disposal. 

Alternative GW -4 for the around water is a site-wide remedy addressiq 
conumination which originates from sources investigated durin& tbe remedial investigation and 

hazardous waste IDIDI&ement uni1s subject to RCRA replations. 

EPA solicited written and oral comment from the public durin& tbe comme:lt period which 
began on June 28, 1990 and closed August 27, 1990. Commems were received during the public 
meeting, held July 26, 1990, from the National Toxics Campaign (NTC) representative. Written 

comments were submiued by MMAG. 

2. PubHc Comments and Response 

Comment: First of all, we feel that it is imponaDt that 110 additional air emissions be factored into a 
clean-up site, that we would be workin& IS dili&emly IS possible to reduce air emissions in the 
Denver metropOlitan area. So that is sometbiD& that is cmemely imponam and needs to be 

addressed. 

EPA Response: EPA agrees with the concern over inttoduciqldditionaliOUrces of air emissions IS 

part of the remedy. After further consideration of the proposed alternative for around water 

involviq .U strippin&, EPA has decided to include emission _comrols IS part of the final remedy for 
this process. This decision is based upon several factors includiD& the EPA policy (OSWER Dir. 
93SS.()-28) applicable to areas of DOn-attainment for ambient air quality IDd the fact that MMAG is 
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within an area of DOn-attainment, and the requirement in the NCP to reduce the toxicity, mobility or 

volume of contaminants tbroup treatment. Durina the desip phase, the specific type of control will 

be determined. 

Commem: We also call for independent monitoring. We feel that this is extremely important as 

well, aiven the history of monitorin& of different toxic contamination sites in Colorado. 

EPA Response: AJ pan of the regulatory responsibilities of EPA and the Colorado Department of 

Health (CDH) the authority to enter facilities and collect samples and conduct inspections is provided 

by law. However, neither EPA or CDH have the authority to require MMAG or any facility to 

allow a third pany which does not represent the qencies to enter a facility to collect samples. 

Specifically, pursuant to the Hazardous and Solid Waste Am~ents (HSW A) Section 3007 
and CERCLA Section 104(e), EPA is provided the authority to enter, inspect and collect samples 

from facilities treatin&, storin& or disposin& of hazardous waste or facility, vessel, location with 

hazardous substances. Pan 3 of the Colorado Hazardous Waste Act (Section 25-15-301 (3)) 

authorizes CDH to enter and inspect hazardous waste facilities. 

If any party desires samples from facility, then that party may contact the owner/operator of 

that facility and request permission to obtain samples directJy from that facility. 

Comment: MMAG believes that flexibility must be maintained tbroupout this cleanup process to 

allow the work to proceed in an effective and economical manner. This will allow the procedure to 

be updated as the knowledge of the site increases tbroup time. A Record of Decision (ROD) that 

allows for this kind -of continual feedback will result in an accelerated achievement of our goals with 
improved results. 

EPA Response: EPA agrees that flexibility must be built into the ROD to allow for the development 

of the most cost-effective design of the remedy specified in the ROD. However, the ROD must 

specify the processes selected to remediate the conwninant conditions at the site. The ROD will 

retain flexibility accounting for the results of treatability studies which will be conducted during the 

design phase. Soil treatment standards are specified with provisions for a variance. In addition, the 

ROD acknowledges the potential difficulties with acbievina the cleanup Joals for around water as 

specified in the ROD and includes provisions to evaluate the response action and treatment standards 
after a period of operation. 
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Commcgt: 1be Eadanprmeat Assessmeot (EA) that evaluates the risk to human health IDd tbe 
emoiroamem bas used residential use sceuario for the basis of evaluation. These requirements should 
be reconsidered in ljpt of Jefferson County's recem request to further review zoning at the MMAG 
IDd the county desires that •visually sensitive areas (hogback, mountain front) be protected as zoned 

open space. • These chan,es would reduce the health risk conc:ems, drinkinJ water IDd showering 

with water from JrOUIId water source, IDCI therefore affect the final cleanup requirements IS specified 

in the Record of Decision. 

ErA Re.,ponse: 1be use of the residential scenario in the EA was done to evaluate the reasonable 
maximum exposure scenario for the site IS required by EPA policy for cooductin& risk assessments. 
In doing so the EPA bas 1 better uoderstaoding of the risk that may be posed to human beaJth under 
conditions of maximum exposure aDd be able to communicate that information to the public. The 
fact that the zoning changes are being considered for the area does not_cban,e need to assess what 
EPA considers to be 1 potential reasonable maximum exposure sc:enario. 

1be final cleanup requirements specified in the ROD are based upon several requirements in 
the NCP and CERCLA. Spec:ific:ally, witb respect to JI'O'ind water remediation, EPA is to consider 
restoring ground water to its beneficial use based 'upon previous uses aDd potential uses. 1be ground 

water from the site was used IS 1 drinking water supply IDd the potential for that demand in the 
future exists. Furthermore, the EPA is to select remedies that IUain permanent solutions through use 
of treatment whenever practicable IDd remedies must attain applicable or relevant aDd appropriate 

requirements (ARAR.s) or attain 1 waiver. Based upon these site conditions IDd requirements, the 

remedy selected is the most appropriate for the site IDd reconsideration of the standards set forth in 
the ROD based upon zoning which is subject to change would be inappropriate. 

Commem: The soils alternatives evaluated in the presentation of the Proposed Plan did not consider 

two of the alternatives set forth in the Feasibility Study (FS), limited action IDd in-situ stabilization. 

The limited action altemative relies on isolltina the property to prevent exposure while the in-situ 

stabilization depeads on ldding materials to the son that decreases the transpon rate of contaminants 

whDe they decompose Dlblrally. 1bese altematives do not appear to completely meet the 

requirements for this cleanup but could compJimeDt the ocher technologies. Again, they add to the 

flexibility that we believe is needed in this ROD. 

EPA Response: The limited action altemative IDd the in-situ stabDization altemative are not 

supponed in the FS IS beneficial over the comparable alternatives, no action aDd ex11itu stabDization, 
respectively. The limited action altemative does not provide any significant increase in protection to 
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human health or the environmeDt when compared to the DO action alternative. Most of the 

components (e.J., restrictions) associated with the limited action are inherent with (or will be 
incorporated into) the selected alternative during the desian phase, thus addressing the Martin 

Marietta comment that limited action could compliment the other teclmoloJies. The FS demonstrated 

that the in-situ stabilization process is inferior to the ex-situ stabilization process with respect to 

effectiveness and implementability. The costs were near equivalent. As such, the EPA does not 

believe that in-situ stabilization warrants any further consideration. It should be noted that the FS is 

the mechanism used to reduce the ranae of alternatives to a manaaeable number of the most feasible 

alternatives. 

Comment: The request that the ROD remain flexible should be especially exercised in the soil vapor 

extraction technology, sugested in all alternatives, for cleanup of soil coJJt2mination at the chemical 

stora&e tanks. The site compatibility for this removal method must be_ evaluated before specifying 

the technique. We sugest that a pilot test of the technology be incorporated. 

EPA Response: EPA agrees that a pilot study should be conducted during the design phase to 

determine the feasibility of .in-situ soil vapor extraction. EPA, however, believes that in-situ soil 

vapor extraction will wort in this particular application and will specify in-situ soil vapor extraction 

in the ROD. Should the process fail during the desian phase, another process would be identified. 

Comment: The on-site treatment and excavation called for in alternatives S-3 through S-S in the 
proposed plan are based on handling the cover material, waste sludge, comaminated alluvium and 

contaminated backfill. The coDWDinated backfill, which wu DOt included in the proposed plan, 

should be combined with the contaminated alluvium and termed contaminated soil to be compatible 

with the FS report. 

EPA Respome: While it may DOt have been clearly stated in the Proposed Plan, references made to 
contaminated backfill aDd/or contaminated soil were iDteaded to refer to both contaminated backfill 

and alluvium that coqesponds to a volume .of 24,400 cubic yards. This will be clearly stated in the 

ROD and the term •comaminated son• will be used when referriJI& to contaminated backfill aDd 
alluvium. 

Commem: Based on the current information available, the region where Pond 12 was located 

appears to be uncontaminated. If additional data pthered during the desian phase verities this fact, 

it seems unnecessary to remediate that area. This also seems like a reason to maintain flexibility in 

A-5 
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the discussion on the 1re1 that needs 10 be covered by the cap. The eDeDt llld DltUre of the cap 
should be called out in the desiJD report which will reflect the results of the additioual study needed. 

EPA RespoNe: During tbe design phase, additional field sampling wDJ be required to more 
accurately determine the mem of contamination. From this information, the cap will be designed to 

cover the contaminptecl 1re1. A RCRA cap, however, will be specified in the ROD 10 the extent 

shown in the FS which covers all five ponds. 1be exteot of tbe cap may increase, decrease, or 

remain the same depending on the results of the field sampling program conducted during the design 

phase. 

Comment: Alternative S-S should state clearly that the collected volatile residue from the thermal 

extraction process and the excavated waste must be treated aDd disposed of off-site while the 

remainder of the material can be handled on-site. The ROD should clarify the target remedial action 
level and tar~et treatment level with tbe flexibDity to accommodate the results of tbe design and pilot 
results. 

EPA Response: lbe ROD will be written to clearly state that the waste ad thermal extraction 
residues will be treated llld disposed of off-site and tbe rem•inder of the material can be treated and 

disposed of on-site. Taraet remedial action levels IDd treatment levels will be presented in the ROD 
IDd clarified as necessary to account for the analytical method detection limits and attainable 
treatment technology levels. 

Comment: The ground water treatment system described in alternative GW ~ should leave the nature 
IDd order of the process step open so an economical design can be developed to best protect the 
environment. This may leave the operations in tbe current MMAG wastewater treatment plant 
available for final polishing. 

EPA Response: EPA acrees with 1his c:ommeDt, however, the process order preseDted in the 

Proposed Plan was taken from the FS llld will be used in the ROD for the purpose of presenting the 

selected remedy. 1be desip will dictate 1he order of 1he UDit processes. 

A-6 



APPENDIX B 

MARTIN MARIE'ITA ASTRONAUTICS GROUP SITE 
INACTIVE SITE PONDS 

CROSS SECTIONS 

September 19, 1990 



SC846 

SC847 

•SCBII 

GMI9 
•GMI90 

J 

TM2·7' 
SCB 

Pond 4 
K 

~
83 

~ 
H~CB28 

SCB26 . 
I 

SCB7 J' 

814 • 

0 ..----S..-0---,,;00 

Fttt 

,. 
GM\4 

Pond 5 

FtGURE -
INACTIVE SITE PONDS 

CROSS SECTION LOCATIONS 
OATE CREATED: S/l4/H 



I • 
I 
~ 

A 
w 
SCB49 

10 

SCB49 2rc-art 
Cr 595 mall& 
TCE tiD u&fkl 
TCA tiD ulfk& 
Cls-DCE tiD ulfk& 

Pond 1 

SCBSO 

SCBSO lrt-tlh 
Cr 34 ma/k& 
TCE S30u&fJ 
TCA 1710 u I 
as-DCE ND ulflt& 

A' 
E 

SCB.Sl 

SCBSI Ut-lft 
Cr 34 ma/lt& 
TCE NO ulflt& 
TCA 57 ulfltc 
Ch-DCE NO ulflt& 

Cro5.'1·Section Key 
Co • Cover Material 

An • Alluvium 

W A • Asphalt Rlc:h Waste 

we • aay Rlc:h Wute 

BR • Bed Rock 

f2l • Interval Sampled 

1BJ • lnliltralln& Sludp 

Horizontal Sc:ale • I :300 

Venlcal Seale • I :60 

Contaminant Concenlfalion Key 
SC049 • Soli Borlna ldentlfic:atlon 
1ft-8ft • Interval Sampled 
Cr ·. • Total Chromium 
TCE • Trlc:hioroethene 
TCA • l,t,l-Trlc:hloroethane 
Cis-DCE • Cls-1,2-Dic:hloroethene 
NO • Not Detected 

IIAIIIII ~~AMnA AlfiiOMAU1ICI IMUP 1111 
WAI'DU'OII, COUIIWIO 

AGURE 8 .. 2. 

I ~· CROSS SECnON A-A' 
I OAf£ CREATED: S/14/M 

L---------------------------------------------~------------------------~~~~~~----~ 

( 
) 



• I 
~ 

! 

I I 

' . I 
r • 
\ I 

I' 
i 
; • 

8 
w 

0 

5 

10 

15 

20 

SC844 

AJI 

BR 

SCB44 Sft-llfl 
Cr 20 rna/Ita 
TCE ND ua/kl 
TCA 351 ua/lta 
Os-DCB 647 ulfkl 

: 

Pond 1 

SCB4S SCB46 

Co Co Co 

SCB4S Sft-lllfl SCB46 6ft-14rt 
Cr 9S ma/kl Cr 5 ma~ 
TCE 646 ua/kl TCE ND u k& 
TCA ND :ft"l TCA ND ua/ka 
Cls-DCE 57 u "• Cls-DCE ND ua/kl 

.. 
• .. 
• 

... .. 
• . . .. 

' /' I 
'-·· .. 

8' 
B 

SCB47 SCBS4 
Cros.~·Section Key 
CO • Cover Materl1l 

Co 
All • Alluvium 

W A • Asphalt Rich Waste 

WC • Oay Rich Wute 

BS • Black Sludae 

BR • Bed Rock 

f2:l • Interval Sampled 

~ • lnlihratina Sludae 

Horlrontal Scale • I:JOO 

Vertical Scale • 1:60 

Contaminant Concentration Kez,_ 

SCB47 10ft-t9fl SCBS4 9fl-l2ft 
SCB44 • Soil Borl111 ldendlicar 
5ft-llft • Interval Sa:t:' 

Cr 72 ma/ka Cr 12 ma/k& Cr • Total Chrom um 
TCE ND ua/k& TCE ND ua/kl TCE • Trichloroethene 
TCA ND ua/lta TCA ND ua/kt TCA • 1,1,1-Trlchlnroethane 
Cis-DCE 92 ul/ka Cls-DCE ND ua/kJ Cis-DCE • Cis-1,2-Dichloroethene 

ND • Not Detected 

FIGURE 8-

1 POND t 
CROSS SECTION 8-8' 

~L---------------------------------------------------------------------------------------------------------------------------~~O~A~T~E~C~R~EA~n~D-~·~5~~·~~~--------~ 



• 
I 
i 

I 

0 

10 

I.S 

c 
w 
SCB42 

~ \ 
\ 

lO 

35 

40 

\ 
\ 

BR 

SC842 
Cr 
TCE 
TCA 
Os·DCE 

Pond 1 

SC841 SCBSI SCBil 

Co Co Co Co 

All , 

\ 
\ 

\ 
\ 

All SCBIJ 1).4 
/feel 

Cr mi/ka, / l9 
TCE ua/ka NO 
TCA ulfkl NO 

/Cis-DeE uafkl NO 

\ 
JUt-19ft \ 
504 m&/ka 
NO 111/kl \ 
NO ua/kl 
NO ua/kl 

/ 
SCBSI 9ft· 2511 
Cr /NDmlfka 
TCE/ 1590 ua/lta· 
TCA NO ua/lta 

/CJs-DCE 321 ulfkl 

SC841 G-4 ••• 1·10 11).14 14-11 1122 
feel feel feet lui (eel feel 

Cr m&/kl 4.6 14 2370 197 197 7.1 
TCE ua/ka NO NO 12500 NO 102 NO 
TCA ua/kl NO NO tiD NO NO NO 
Cls-DCE u&/kl NO 10 17400 1410 2310 IJJO 

SCD12 SC84J 

Co 

/ 

/ 
/ 

1211·16fl / SCB4l 
NO m&/kl Cr 
192000 ulfka TCE 
134 uafka TCA 
NO ulfkl Ch-DCE 

20-24 
feel 
NO 
206000 
NO 
Sl 

22-26 26-)0 
feel feel 
2370 791 
NO 6120 
NO NO 
)100 2110 

Jl).)4 34-39 
(eel reel 
6.7 n 
NO 5160 
NO NO 
NO NO 

Co 

121t-19ft 
125 m&/kl 
19600 ua/kl 
No u&/ka 
11400 11&/k,l 

c 
E 

SCBJ7 

BR 

SCBl7 
Cr 
TCE 
TCA 
Cis-DCE 

All 

---
9fl-llfl 
195 ma/kl 
JS400 ulfkl 
1130 ua/ka 
13800 ua/ka 

Cross-Section Key 
Co • Cover Material 

All • Alluvium 

WA • Asphalt Rldt Waste 

WC • Clay Rldt Walle 

BS • Black SlucJae 

Ln • Uner Material 

DR • Bed Rod 

~ • Interval Sampled 

IBS • lnfilnalihl SlucJae 

Horizontal Scale • I :JOO 

Verlle~~l Selle • I :60 

Contaminant Conc:entnt~n Key 
SCB41 • Soil Borina ldentllleadoll 
1111·19fl • lnterql S.moled 
Cr • Total Olrornlu• 
TCE • Trlchloroe1hene 
TCA • 1,1,1-Trldtloroethllne 
Cis-DeE • Cls-1,2-Dkhl-dlene 
NO • Not Detected 

IIAIITIC IIAIIIEnA All'IICIIfAU11CI ...... 1111 
WA ftllfOII. CGI..IIIIAIIO 

FIC RE -4 
POND 1 

CROSS SECTION c-c• 
DATE: CR£ATE:O: 5/14/M 



/ 

/ 

0 

10 

4U 

D 
w 

812 

\ 
\ 
\ 
\ 
\ 
\ 
\ ., 

\ 
\ 
\ 
\ 

AI 

\ 
\ 

BR \ 
\-
\ 
\ 
\ 
\ 
\ 
\ 
\ 

SC840 
Cr 

\ 
\ 
\ 

SCB40 

' ...... 
...... 

IR-2~111 '-.... 

Co 

All 

1010 mlfkl ' 
321000 uJikl '-.... 
Nb ua/ka -.... 

Pond 1 

SCBll SCBS9 

Co 

SCB8 

Co 

All 

SCB36 

SC836 
Cr 
TCE 
TCA 
Cls·DCE 

IDrl-1711 
ISO m1/k1 
6020 Ua/kJ 
NO ulflrl 
S440 ulflrl 

o· 
E 

Cro~-Section Key 

Co • Cover Malerlal 

1\11 • Alluvium 

WA • Asphall Rich Wu1e 

WC • Oar Rich Wu1e 

BS • Black Slud1e 

BR • Bed Rock 

f2l • lnle.,al Sampled 

Hotbontal Scale • 1:300 

Venlcal Scale • 1:60 

Contaminant Concentration Key 
SC840 • Soil Borln&ldenlilicallon 
II1-2Sft • lntefYal Sampled 
Cr • To111 Chromium 
TCE • Trichlornelhene 
TCA • I.I.I-Trichlnrne1h1ne 
Cls-DCE • Os-1.2-0ichloroelhene 
NO • Not Oelected 

TCE 
TCA 
Cls-DCE 126000 ulfkl ', 

2Drl-22fl 
10 mlfka 
NO ulfka 
NO ua/ka 
51 ua/ka 

...... 
...... ...... 

IIIAimlt IWIETT-. ASftiCIMAunct _,lilt 
SC85t 20-26 37-41 w-.mtfOII. COUIIIADO 

fee1 fee1 FIGURE a-
~Q;~~~ ~:0., ~~ POND 1 
TCA ulfkl NO NO CROSS SECTION D-D' 

lt_ _________________________________________________ a_s-_oc __ e_._•~_• __ l_s_~ ___ N_o ____________________________________ ~~D~A~n~c~M_A_n __ ~_._s~~-·~~----------



• 
I 
I 

I 

E Pond 1 E' 
N S 

SCB5l SCB52 SCB50 SCB45 SCB 15 SCBS8 SCB59 SCB8 
OTJr-~--------rT----------~r------------------,-r---------r,-------~~~--------rr------01 

5 

15 

! 
20 SC85l 6ft-9ft 

Cr 21 mlflll 
TCI!. NO ulfkl 
TCA II I ulfkl 
CII-DCI!. tiD Ua/111 

25 

SCBSl 
Cr 
TCE 
TCA 
Cls-DCE 

Co Co 

BR 

SCBSO lf1-llft 
Cr l4 ml/kl 
Ta 530 ulfkJ 
TCA 1710 ua/ka 
Cls-DCI! NO ul/kl 

Contaminant Concentration Key 
SCB53 • Soli Borlna lclenllllcallon 

30· 611·911 • ln1em11 Sampled 
Cr • To1al Chromium 
TCE • Trlchloroethene 
TCA • I,I,I·Trkhloroelhane 
els·OCE • Cis·l,2·0khloroelhene 

35 NO • Not De1ected 

.oJ 

I 

SCB45 
Cr 
fa 
TCA 
Cls·DCE 

Co 

SC81S 
Cr 
Ta 
TCA 
Cis·OCE 

Co 

10fl·l411 
19 m1/k1 
ND u./kJ 
ND ua/kJ 
12 u., •• 

SCBSI 
Cr 
TCE 
TCA 
Cis·OCE 

911·2311 
ND mJ/kl 
1590 ulfkJ 
ND ua/kl 
J21 u&fkl 

SC059 

Co 

Co 

we ....... 
...... 

....... 

we 

--
All 

All 

....... 

-. 
SCM 
Cr 
TCE 
TCA 
Cls-OCE 

Cross-Section Key 
Co • Cower lllolaledll 

All • Allavlu• 
WA. • A.Jphaltltldl w ... 
we •Oay IUdl w ... 
BS • Blad: Sladp 

BR • Bed Rod: 

~ • lnteMi S.mpled 

B • lnfit,,.._ .,.,., 

Horizontal Scalt • l:lOO 

Veuical Scale • lifo 

. 20fl-22fl 
10 mlfka 
NO ulfkl 
NO ulfka 
Sl ul/kl 

20 26 JHI IIIA•TII ~r,.:.,::.~~ .... 1M 
feel fee1 U 

Cr m1/k1 2790 II 
TeE "1/kl 995000 2790 POND 1 
TCA ulfkJ ND ND CROSS SECTION E-E' 

·L----------------------------------------------------------------------------------C-is_o_c_E~uJ~/~kJ~l-5~-~---N-D _______ ~D~AT~E~CM~A~T~E~&.~S~~·~L:~-----~ 



Pond 3 

Cross-Section Key 

F F 0 G' Co • Cover Material 

sw NE N s All • Alluvium 

SGB34 SCB3S SCBIO SCBlS SCB14 SCB33 WM • Waste Mi• 
• 0 

~I iZ _]_I 

0 

~~· ~~ v, DR • Bed Rock 

WM 
~ • Interval Sampled 

AI 

---~!..----~~~ .. Js 1 5 
Horitonlal Selle • t:JOO 

u. 
DR ~ 

Vertical Scale • 1:60 
BR u ___ 

SCBJ5 1ft-5ft SCBJ5 zrt-5fl SCBI4 1Xt-4fl SCBll 4(t-7rt Contaminant Concentration Key 
Cr 

··~ 
Cr 44 ma/ka Cr . 12 1"1/kl Cr 11 ml/ka SCB35 • Soil Borlna ldenttncatlon 

10 TCE 1010 I io TCE zazo ul/kl TCE 102 ul/ka TCE 9120 ua/kl 1r1-Sr1 • lnteMII Sampled 
TCA NO ulfkl TCA NO ul/ka TCA NO ua/ka TCA ND ua/kl Cr • Total Chromium 
Cls-DCE NO ua/kl Cls-DCE NO ua/kl Cls-DCE NO ua/kl Cis-beE NO UJ/kl TCE • Trlchloroethene 

TCA • 1,1,1-Trichlnroetlutne 
Cls-DCE • Cis-1,2-Dichloroethene 
NO • Not Detected 

• I 
I 

IIAimll IIAIIIEnA AltiiOIIAIIliCI IIIIIIUP 111! 
W4h:IITCIII, COLOIWIO 

• FIGURE 8-7 

I POND 3 
CROSS SECTION F-F" II o-o' 

I DATE CREATED: 5/14~ 



H 
sw 

SC829 

SCB29 Ill-4ft 
Cr u~ TCE 4640 I 
TCA ND ua/11:1 
Cls-DCB ~Uif'l 

20 ' \ 
' 

I 
i 
~ 

SCB4 SCBll 

i 
SCB4 6CI-10ft SCBJI 
Cr 12 r:t.· Cr 
TCB 90 u Itt TCE 
TCA ND Ua/1 TCA 
Cis-DeE ND ua/11:1 Cls-DCE 

u / 
/ 

/ 
/ ----

BR 

H' 
NE 

SCB9 

/ 
/ 

/DR 
/ 

/ 
J(I-IOft 
ND ml/kl 
216 ua/kl 
ND ua/ka 
ND ulfkl 

Pond 4 

0 

5 

!•o 

" 
20 

I 
sw 

SC82S SCB6 

BR 

SC825 Jfl-5fl 
Cr 502msftr. TCI! 16900 u 1 
TCA NDulfl 
Cls-DCI! ND ulfll:l 

SCB6 0-4 
feet 

Cr ml/,. 506 
TCE Ul •• 54 SO 
TCA ua/k& ND 
Cls-DCE ul/11:1 ND 

4-1 
feet 
265 
39900 
23700 
NO 

SCB27 

All 

SCB27 16(1-llrt 
Cr 5360 mlf:A, 
TCE 210000 u 1 
TCA NO ua/kl 
Cis-DCE NO uaJkl 

I' 
NE 

0Mt4 
CrO!I!I-Section Key 
Co • CoveJ Material 

All • Alllwlana 
WA • Asphalt lUcia Willi 

we • aayR~WIIII 
BS • Black Sludp 

Ul • Uner Material 

BR • Bed Rock 

fZl • Interval Sampled 

Horizontal Scale • t:D 

Vertical Scale • l:fO 

ContMminanl Conc:entntlon Key 
SCD29 • Soil Borlna Identification 
Ht-4(1 • Interval Sampled 
Cr • Total Chromium 
TCE • Trichloroethene 
TCA • 1,1,1-Trichloroethane 
Cis-DCE • Cis-1,2-Dfchloroetbene 
NO • Not Deteded 

rtGURE B-
l POND 4 
I CROSS SECTION H-H' • 1-1' 

·L-------------------------------------------------------------------~~--------------------------~~O~A~T[~CM~A~T[~~~-~~~/1~4~~~------A 



• I 
~ 

L 
sw 

L' 
NB 

SCBt SCB2t scan 
0 

. l 

SC821 0.2 2-4 H 
feet feet feet 

OIIIII'J. 54 267 156 
TCBu 706 2590 1100000 
TCA ul/la NO NO NO 
Cls-DCI! ul/la NO 161 NO 

Contaminant Concentration Key 
SCB2 • Soli Borl111 ldenllncatlon 
CWt·5h • Interval Sampled 
Cr • Total Cllromlum 
TCE • Trlchloroethene 
TCA • 1,1,1-Trlchloroethane 
Cls·DCE • Cls-1,2-Dichloroethene 
ND • Not Detected 

Pond 5 

6-1 l-10 10.11 
feet feel feet 
28900 J8 J8 
4700000 260000 JJOOOO 
16l000 NO 130000 
NO NO ND 

0 

10 

SCB2 Oft. 5,. 
Q 98mlfkl 
TCB 36600 Ul/kl 
TCA 3690 ul/ka 
Os-DCB NO ul/ka 

SCB21 G-2 

Cr "''lkl . 
TCB Ulf'l 
TCA ul/lta 
Cls-DCE ul/ka 

feet 
54 
706 
NO 
NO 

\ ·'~-------------------------------------

2-4 .. ~ 6·8 
feet feet feel 
267 8S6 28900 
2590 1100000 4700000 
ND ND 163000 
161 ND ND 

Cross-Section Key , 
Co • Cover Material 

All • Alluvium 

WC • CIIJ Rich Wute 

BS • Black Sludae 

BR • Bed Rock 

tzl • Interval Sampled 

Horlmntal Scale • 1:300 

Venial Scale • 1:60 

1·10 10·11 
feet 
38 
260000 
ND 

"NO 

feet 
Jl 
JJOOOO 
1)0000 
NO 

IWnll IIAIWnA AII'IIIOIIAUliCIIIICIUP 1111 
WATIIJOII. COLORADO 

FIGURE 8-10 
POND 5 

CROSS SECTION l-L' It M-W' 
DATE CREATED: 5/14/M 



l 

I 
I 

• 

s 

10 

IS 

J 
N 

' 

I 

) 

SCBlO· SCB4 SCB21 

" " ' All 

" SC8l0 1ft-7ft 
Cr 1990 mlflrl 
TCB 74000 ur.q 
TCA NO ulfl 
Cla-DCE NO Ua/lrl" 

SCIM 611-IOfl 
Cr 12 mlflrl 
TeE 90 uaJIIf 
TCA NO Ua/1" 
Cls-DCE NO uaJita 

SCD21 ... 4-1 1-11 11-16 , ... feet feet ket 
Crm~ _ 49 12 29 n 
TCEu Ita JOSO 3720 an lllOO 
TCA uaJkl t'D NO ND NO 
Os-DCEue.ka HD t'D NO ND 

Contaminant Concentration Key 
SCBlO • Soil Borlna lclentlficatkln 
Ut-7rt • Interval S•!nfled 
Cr • Total Chrom1um 
TCE • Trlchlorocthcne 
TCA • I,I,I-Trlchlorocthane 
Cb-DCE • Cis-1,2-Dichlorocthene 
ND • Not Detected 

J' 
5 

Fond 4 
K 
N 

SCB2.5 SCB7 SCBJ2 SCBJI SCBl SCB27 
0 

' All \ 
i 10 
1&. 

'' \ BS 

SCBZS lh-Sh 
Cr SOlmX TCE 16900 u 1 
TCA NDu 1 
Os-DCE N_O uaJkl 

16-20 
ket 
55 
1400000 
HD 
ND 

20-Zl 
feet 
43 
6~ 
HO 
NO 

scan 
Cr 
TCE 
TCA 
Cls-DCE 

IS 

20 

011-lft 
lima/Ira 
470 ulfkl 
ND uaJILa 
ND ulfka 

'· ' ' ' 
BR ' ' 

SCBll 
Cr 
TCE 
TCA 
Cls-DCE 

' ' 
lft·IOit 
NO malta 
216 uaJkJ 
ND ua/ka 
NO uaJka 

All 

' ' '----
squ 
Cr 
TCE 
TCA 
Cls-DCE 

1ft-12ft 
1090 maJira 
11200 uaJka 
ND uaJkl 
NO uafkl 

/ 
/ 

SCB27 
Cr 

/ 

TCE 
TCA 
rts-DCE 

K' 
s 

SCB24 

All 

/ 
/ 

/ BR 

/ 
/ 

SCB24 
Cr 

Cross-Section Key 
Co • Cower MaleiW 
All • AlluYium 

WA • AlpbaltiUdl Wute 

we • a., IUdl Wate 
BS • Blact studp 

Ln • Uner Material 

BR • Bed Roct 

~ • Interval Sampled 

Horizontal Scale • 1:300 

Vertical Scale • l:fO 

Ut-Sft 

TCE 
TCA 
Cls-DCE 

441 mlfkl 
4410 ulflr.a •. 
NO uaJkl 
NO uaJkl 

IIAIITII IIAII[nll AI.-AII11CI aaouf' 11ft 
WA ftiiTON, COliiiWIO 

FIGURE 8-1 
POND 4 . 

CROSS SECTION J-./ It K-K' 

ft_ __ __.__.~-------------------------------------------------------------------------------------------~~DA~T~E~C~M~Al~E~D~:~&~/1~4~/~IO~-----~ 



U.S. DEPARTMENT OF COMMERCE 
National Technical Information Service 
Springfield, Va. 22161 

OFFICIAL BUSINESS 

Penalty for Private Use. $300 

AN EQUAL OPPORTUNITY EMPLOYER 

POSTAGE AND FEES PAlO 
U S. DEPARTMENT OF COMMERCE 

COM-211 

SPECIAL FOURTH-CLASS RATE 
BOOK 

~ -U.S.MAIL -. 


